The Dataring intelligent tide gauge system remote site by Palin, R. I. R.
INTERNAL DOCUMENT 
THE DATARING INTELLIGENT 
TIDE GAUGE SYSTEM 
REMOTE SITE 
by 
R I R PALIN 
[ This document should not be cited in a published bibliography, and is 
supplied for the use of the recipient only]. 
INSTITUTE OF 
OCEAN a GRAPHIC 
SCIENCES 
% z 
INSTITUTE OF OCEANOGRAPHIC SCIENCES 
Wormley, Godalming, 
Surrey GU8 BUB 
(042-879-4141) 
(Director: Dr. A. S. Laughton) 
Bidston Observatory, 
Birkenhead, 
Mersey side L43 7RA 
(051-653-8633) 
(Assistant Director: Dr. D. E. Cartwright) 
Crossway, 
Taunton, 
Somerset TA1 2DW 
(0823-86211) 
(Assistant Director: M .J . Tucker) 
THE DATARING INTELLIGENT 
TIDE GAUGE SYSTEM 
REMOTE SITE 
by 
R I R PALIN 
Internal Document No 247 
Institute of Oceanographic Sciences 
Bidston Observatory 
Birkenhead, Merseyside March 1986 
£ Q N I E N I S 
1. The D a t a r i n g s y s t e m 
1.1 S w i t c h on s e q u e n c e , . . . 
1.2 I n t e r f a c e to the C m o s c a r d s 
1.3 D a t a m o d e m . . 
2. D a t a r i n g p o w e r s u p p l y b o a r d . . . . 
2.1 M a i n p o w e r s u p p l y . 
2.2 S w i t c h e d p o w e r s u p p l y . . . . . 
2.3 N e g a t i v e s u p p l y fail d e t e c t . 
2.4 P u l s e p o w e r d e t e c t c i r c u i t . . . 
2.5 R e s e t ha I t / m e m o r y e n a b l e c i r c u i t 
P r o c e s s o r b o a r d . . . . 
3.1 T h e M i c r o p r o c e s s o r 
3.2 A d d r e s s d e c o d i n g . . . . . . . . 
3.5 T h e US ART 
4. B u f f e r b o a r d . 
4.1 R e a d line b u f f e r . . . 
4 . 2 W r i t e Line b u f f e r . 
4.3 C a r d s e l e c t d e c o d e r . 
4.4 T i m e out r e s e t c i r c u i t 
5. S t a r t up b o a r d . . . . . . 
5.1 S t a r t - u p c i r c u i t s . 
5.2 T i m e out t i m e r . . . . 
5.3 P o w e r d o w n c i r c u i t . 
. . 1 
. . 4 
. . 6 
. . 7 
. . 8 
. . 9 
. . 10 
. . 1 0 
. . 11 
. . 1 1 
. . 13 
. . 1 4 
. . 15 
. . 16 
. . 1 7 
. . 1 7 
. . 18 
. . 18 
. . 1 9 
. . 20 
. . 21 
. . 22 
. . 22 
6 # C l o c k c a r d , # * « • • • • « • « • 
6.1 S u b - a d d r e s s d e c o d e r ICS. . . 
6 . 2 Real t i m e c l o c k c h i p 
6.3 R e a d i n g the c l o c k . 
6.4 W r i t i n g to the c l o c k 
6.5 S e t t i n g the s a m p l e i n t e r v a l . 
7. DVM and s t a t u s b o a r d . . . . . . . 
7.1 0VM c i r c u i t . . 
7.2 S t a t u s r e g i s t e r . 
8. R S 2 3 2 i n t e r f a c e b o a r d , . . . . . . 
8.1 T r a n s m i t b u f f e r . . . . . . . 
8.2 R e c e i v e b u f f e r 
8.3 DCD b u f f e r . . . . . . . . . . 
9. S e n s o r b o a r d s . . . . . . . . . * . 
9.1 T h e O i g i q u a r t z i n t e r f a c e b o a r d 
9 . 2 T h e Ott s e n s o r i n t e r f a c e . . . 
A P P E N D I X 1. M i c r o p r o c e s s o r B u s . . . . 
A P P E N D I X 2. C o s m o s D a t a b u s . . . . . 
A P P E N D I X 3 . S o f t w a r e l i s t i n g 
. 23 
. 25 
. 26 
. 26 
. 27 
. 27 
. 28 
. 28 
, 29 
, 30 
, 3 0 
, 31 
, 31 
, 32 
, 34 
, 35 
1 - 1 
2 - 1 
3 - 1 
A P P E N D I X 4. C i r c u i t d i a g r a m s . 4-1 
1 * I b e _ a a t a f i D a _ 5 % s l s m j 
D a t a r i n g is a c o m p u t e r b a s e d L o g g i n g and p r o c e s s i n g s y s t e m 
w h i c h can be i n t e r r o g a t e d r e m o t e l y by any 3 0 0 b a u d full 
d u p l e x m o d e m and t e r m i n a l to t r a n s m i t back d a t a f r o m up to 
s e v e n s e n s o r s . 
The d e s i g n a i m s of the s y s t e m are to p r o v i d e a v e r s a t i l e 
l o g g e r , i n i t i a l l y for u s e at r e m o t e tide g a u g e s i t e s for 
l o g g i n g t i d a l d a t a , w h i c h c o n s u m e s a s m a l l e n o u g h a m o u n t of 
p o w e r to b e run for up to a f o r t n i g h t on b u i l t in b a t t e r i e s . 
The c o n t r o l l i n g e l e m e n t of the s y s t e m is an I n t e l 8 0 8 5 
m i c r o p r o c e s s o r w i t h c o n v e n t i o n a l H m o s a n c i l l a r y s u p p o r t 
c h i p s , a n d to o b t a i n the low p o w e r , t h i s is only s w i t c h e d on 
for a few m i l l i s e c o n d s e v e r y t i m e it is r e q u i r e d to log the 
d a t a f r o m the s e n s o r s ( t h e o n l y e x c e p t i o n to t h i s b e i n g w h e n 
a r e m o t e d e v i c e is c o m m u n i c a t i n g w i t h it when it is s w i t c h e d 
on for the d u r a t i o n of the c a l l ) . 
The 8 0 8 5 b a s e d m i c r o c o m p u t e r , s t o r e s d a t a from the 
s e n s o r s in 16 K b y t e s of R a n d o m A c c e s s M e m o r y ( R A M ) , w h i c h is 
p e r m a n e n t l y p o w e r e d up to r e t a i n the d a t a , but c o n s u m e s v e r y 
l i t t l e p o w e r w h e n it is not in u s e . C o m m u n i c a t i o n , e i t h e r 
w i t h a r e m o t e d e v i c e via the b u i l t in m o d e m , o r with a 
t e r m i n a l p l u g g e d i n t o the f r o n t p a n e l , i s h a n d l e d by the 
R S 2 3 2 i n t e r f a c e c a r d . W i t h the e x c e p t i o n of t h i s c a r d and the 
m a i n s p o w e r u n i t , a l l the s y s t e m f u n c t i o n s a r e i m p l e m e n t e d 
u s i n g C O S M O S d e v i c e s , a n d so can be p o w e r e d up p e r m a n e n t l y to 
p e r f o r m t h e r o u t i n e f u n c t i o n s of the l o g g e r . T o p r e v e n t the 
c o s m o s c i r c u i t s p r e s e n t i n g p o t e n t i a l l y d a m a g i n g v o l t a g e s to 
t h e m i c r o c o m p u t e r w h i l s t it is p o w e r e d d o w n , a n d a l s o to 
a d j u s t the v o l t a g e s b e t w e e n the two d i f f e r e n t t e c h n o l o g i e s , a 
b u f f e r b o a r d is i n t e r p o s e d b e t w e e n the p r o c e s s o r and the 
c o s m o s c i r c u i t s , w h i c h are all m o u n t e d on a p a r a l l e l 
b u s , r e f e r r e d to as t h e c o s m o s d a t a b u s , a l o n g w h i c h the 
s i g n a l s to and f r o m the c o s m o s c a r d s t r a v e l . 
The s y s t e m c o m p r i s e s the f o l l o w i n g c a r d s o n the c o s m o s 
b u s -
1) A r e a l t i m e c l o c k c a r d , f o r p u t t i n g the t i m e of a s c a n 
o n t o the l o g g e d d a t a , a s w e l l as p r o d u c i n g p u l s e s at 
the r e q u i r e d s c a n i n t e r v a l . 
2) A s t a r t up c a r d , w h i c h s t o r e s the s o u r c e of a n y r e q u e s t 
to s t a r t up the s y t e m , a n d s e n d s a start p u l s e to the 
s w i t c h e d p o w e r s u p p l y . 
3) A s t a t u s / D V M c a r d , w h i c h e n a b l e s the p r o c e s s o r to r e a d 
the s t a t e of up to s e v e n d i g i t a l s i n g l e b i t s i g n a l s . 
And a l s o r e a d s the v o l t a g e of the s t a n d - b y b a t t e r y . 
4 ) P r o v i s i o n for up to s e v e n s e n s o r c a r d s , w h i c h can be 
c o n f i g u r e d for any d i g i t a l or a n a l o g u e s e n s o r and 
c o n v e r t its o u t p u t to a s i g n a l in the r e q u i r e d u n i t s 
u s i n g c a l i b r a t i o n e q u a t i o n s s t o r e d on t h e b o a r d s . 
Apart f r o m t h e s e c o s m o s c a r d s , a n d t h o s e a s s o c i a t e d with the 
p r o c e s s o r as a l r e a d y m e n t i o n e d , t h e r e is a p o w e r s u p p l y card 
for p o w e r i n g the s y s t e m from the m a i n s and in the e v e n t of 
a m a i n s f a i l u r e a r e l a y on the b o a r d w i l l s w i t c h in a set 
of s t a n d - b y b a t t e r i e s to p o w e r the s y s t e m for up to a 
f o r t n i g h t . The w h o l e d a t a r i n g s y s t e m , t o g e t h e r w i t h a m o d e m 
w h i c h w i l l a u t o m a t i c a l l y a n s w e r i n c o m i n g c a l l s on the p h o n e 
l i n e , i s h o u s e d in an e n v i r o n m e n t a l c a b i n e t w i t h a c a p a c i t y 
for two 1 9 " r a c k s . A l l the d a t a r i n g c a r d s , a p a r t f r o m the PSU 
a r e h o u s e d on i m p e r i a l s t a n d a r d , 4 . 5 " x 8" c a r d s w i t h s i n g l e 
or d o u b l e s i d e d 4 3 way e d g e c o n n e c t o r s . 
l ^ l _ _ S y i l ^ h _ Q n _ 3 2 g y 2 n & 2 . 
The d a t a r i n g is a b l e to c o n s u m e so l i t t l e p o w e r b e c a u s e of 
the fact t h a t the p r o c e s s o r is on for o n l y a v e r y s h o r t t i m e 
w h i l s t it is l o g g i n g a s c a n , u s u a l l y o n l y o n c e e v e r y 15 
m i n u t e s , a n d so c o n s i d e r a b l e c a r e is t a k e n to e n s u r e that the 
s w i t c h on is as fast and r e l i a b l e as p o s s i b l e . T h e e x a c t 
e l e c t r i c a l p e r f o r m a n c e of the s y s t e m is d e t a i l e d in the s e c -
t i o n g i v i n g the s p e c i f i c a t i o n of the c a r d s ( q . v . ) , a n d so o n l y 
an o v e r v i e w will be g i v e n h e r e . 
W h e n a p r o c e s s o r is s w i t c h e d o n , i t is c u s t o m a r y to h o l d 
it in a reset c o n d i t i o n for up to a s e c o n d , t o e n s u r e t h a t 
the p o w e r r a i l s h a v e f u l l y s t a b i l i s e d , w h e r e a s it s h o u l d be 
r e a d y to run a b o u t 5 0 0 m i c r o - s e c o n d s a f t e r the p o w e r has 
s e t t l e d . T h e f i r s t s y s t e m t r i e d for p o w e r i n g u p , d e t e c t e d w h e n 
the p o w e r r a i l s h a d s t a b i l i s e d , a n d t h e n h e l d the s y s t e m 
r e s e t for o n e m i l l i - s e c o n d . I t w a s f o u n d , h o w e v e r , t h a t t h i s 
did not w o r k r e l i a b l y , a n d t h a t the p r o c e s s o r w o u l d s t a r t 
w i t h its p r o g r a m m e c o u n t e r not at z e r o , m e a n i n g that 
p r o g r a m m e e x e c u t i o n w o u l d c o m m e n c e at s o m e r a n d o m 
a d d r e s s , a n d that the s y s t e m w o u l d not w o r k as r e q u i r e d . 
In the final d e s i g n , t h e c o s m o s b u s and the d a t a s t o r e d 
in the c m o s ram a r e not e n a b l e d u n t i l the p r o c e s s o r has 
s t a r t e d c o r r e c t l y . 
W h e n t h e p o w e r s u p p l y to the p r o c e s s o r b o a r d is o f f , the 
RAM and t h e cmos b u f f e r are b o t h e l e c t r i c a l l y d i s a b l e d . W h e n 
the p u l s e to turn on the p o w e r s u p p l y is a p p l i e d , t h e r e s e t 
rail to the p r o c e s s o r is set h i g h , a n d r e m a i n s h i g h , u n t i l the 
p o w e r rail r e a c h e s 9 7 % of its f i n a l v a l u e . A t t h i s time the 
r e s e t rail is d r o p p e d l o w , w i t h t h e ram and c m o s bus s t i l l 
d i s a b l e d , f o r a p e r i o d of 1 m S . I f , d u r i n g t h i s t i m e , t h e 
p r o c e s s o r s t a r t s p r o g r a m m e e x e c u t i o n c o r r e c t l y at a d d r e s s 
z e r o , i t w i l l send out p u l s e s to e n a b l e the c m o s ram and 
da t a b u s , a n d a l s o p r e v e n t f u r t h e r reset p u l s e s b e i n g 
g e n e r a t e d by the r e s e t c i r c u i t r y . I f , h o w e v e r , t h e p r o c e s s o r 
s t a r t s at s o m e o t h e r a d d r e s s , t h e n its b e h a v i o u r w i l l be 
r a n d o m , b u t the c h a n c e s of it e n a b l i n g the c m o s ram and t h u s 
c o r r u p t i n g the s t o r e d d a t a , are less t h a n o n e in ten to the 
t h i r t y f i v e , i . e . n e g l i g i b l e . A t the end of the o n e 
m i l l i s e c o n d p e r i o d , a n o t h e r r e s e t p u l s e will be a p p l i e d , a n d 
t h e p r o c e s s will r e p e a t . 
1 . 2 lQl£.£la£2._iQ_lb£_£!DQS_£.i£dS. 
As a l r e a d y s t a t e d , t h e c m o s c a r d s are b u f f e r e d from the 
p r o c e s s o r by a b u f f e r b o a r d w h i c h p e r f o r m s t h r e e 
f u n c t i o n s , v i z -
1) R e a d d a t a a l o n g an e i g h t bit b u s from 
the s e n s o r c a r d s . 
2) W r i t e d a t a d o w n an e i g h t bit bus to 
the s e n s o r c a r d s . 
3) S e n d c o m m a n d s to the c a r d s a l o n g four 
s u b - a d d r e s s l i n e s to i n s t r u c t them to 
r e a d or w r i t e d a t a . I n d i v i d u a l cards o n t h e c m o s 
b u s , a r e s e l e c t e d by the b u f f e r c a r d by f i f t e e n a c t i v e low 
l i n e s , t e n of w h i c h go i n d i v i d u a l l y to the ten c a r d s l o t s in 
the card rack of the s y s t e m . A d d i t i o n a l l y , t h e c m o s bus 
c o n t a i n s e x t r a l i n e s c a r r y i n g p o w e r r a i l s a n d t i m i n g 
p u l s e s , a s d e t a i l e d in the ' C M O S d a t a b u s ' s e c t i o n . 
1 * 5 D a l a - m o d e a , 
T h e d a t a r i n g is c o n n e c t e d to a s t a n d a r d PSTN link via an 
a u t o - a n s w e r 3 0 0 b a u d , f u l l d u p l e x m o d e m , t y p e M 3 2 1 , m a d e by 
M o d u l a r T e c h n o l o g y . T h i s is c o n n e c t e d to the d a t a r i n g R S 2 3 2 
b o a r d via a four w i r e link c a r r y i n g the s i g n a l g r o u n d , T X 
d a t a , R X d a t a , a n d B C D ( d a t a c a r r i e r d e t e c t ) l i n e s . T h e DCO line 
is u s e d to i n f o r m the s y s t e m that a r e m o t e d e v i c e is t r y i n g 
to e s t a b l i s h c o n t a c t w i t h it.A t e r m i n a l w i t h t h e same f o u r 
w i r e s can be p l u g g e d in to p e r f o r m the s a m e f u n c t i o n s as the 
m o d e m . 
ZsL — 0 ^ i a £ i n g _ e 2 w e r _ i , y Q Q i ^ _ b . Q a r d 
T h e p o w e r s u p p l y p c b p r o v i d e s all the p o w e r u s e d by the 
s y s t e m , a n d a l s o h o u s e s v a r i o u s o t h e r small c i r c u i t s . T h e r e 
are t h r e e d i f f e r e n t v o l t a g e s a v a i l a b l e , + 5 and - 5 v o l t s , b o t h 
c o n t i n u o u s l y p r e s e n t , a n d a s w i t c h e d +5 p o w e r r a i l w h i c h is 
u s e d o n l y w h i l s t the p r o c e s s o r is s w i t c h e d o n . T h e 
m i s c e l l a n e o u s f u n c t i o n s a r e as f o l l o w s -
1) D e t e c t f a i l u r e of the n e g a t i v e r a i l s t a n d - b y b a t t e r y 
p a c k . 
2 ) D e t e c t c o r r e c t f u n c t i o n of the s w i t c h e d 5 v o l t 
s u p p l y , a n d w h e n it o c c u r s , e n a b l e the m e m o r y . 
3 ) P r o v i d e the r e s e t p u l s e s to the m i c r o p r o c e s s o r w h e n 
the p o w e r is f i r s t a p p l i e d , a n d d i s a b l e them on c o m m a n d 
from t h e c o m p u t e r . 
4 ) P r o v i d e a m a n u a l s t a r t p u l s e f r o m a m i c r o - s w i t c h , t o 
turn t h e p r o c e s s o r on via the s t a r t up b o a r d . 
E * I K a i o - D o w s f . a y o o i r . 
The m a i n p o w e r s o u r c e is the t o r o i d a l t r a n s f o r m e r T 1 , w h i c h 
w i t h c a p a c i t o r s C1 and C 2 p r o v i d e s a b o u t + / - 12 v o l t s . T h e 
r e l a y RLl w i t h D 7 / C 3 is c l o s e d as long as t h e t r a n s f o r m e r 
p r o v i d e s p o w e r , b u t in the e v e n t of a m a i n s or t r a n s f o r m e r 
f a i l u r e , t h e relay o p e n s , a n d the s t a n d - b y b a t t e r y pack 
s u p p l i e s p o w e r to the t w o c a p a c i t o r s d i r e c t l y . T h e r e l a y w i l l 
s w i t c h in the b a t t e r i e s w e l l b e f o r e the v o l t a g e f a l l s b e l o w 
a c c e p t a b l e l i m i t s , a n d so t h e r e is no i n t e r r u p t i o n in the 
p o w e r s u p p l y from t h e s t a b i l i s e r s . 
The p r i m a r y v o l t a g e r e f e r e n c e is p r o v i d e d by the b a n d 
g a p d i o d e ZD1 and a m p l i f i e d up to 5 v o l t s by I C 2 / T R 2 to 
p r o v i d e the c o n t i n u o u s 5 v o l t s u p p l y . T h e e x a c t v o l t a g e may 
be set u s i n g V R l . I C l / T R l p r o v i d e s a g a i n of - 1 from the 
s t a b i l i s e d 5 volt r a i l , a n d t h u s p r o v i d e s the c o n t i n u o u s - 5 
v o l t r a i l . 
Zm.1 i u i l c h 2 d _ 0 2 w s f _ a u c 0 i x j 
On r e c e i p t of a p u l s e from the s t a r t up b o a r d ( q . v . ) at p i n 
24 the f l i p f l o p c o m p r i s i n g D 4 - D 6 , R 1 7 / 1 8 a n d I C S g o e s i n t o 
the ' s e t ' c o n d i t i o n , t h u s a p p l y i n g 5 v o l t s to t h e input of 
t h e u n i t y g a i n a m p l i f i e r I C 3 / T R 3 . T h e 5 volt o u t p u t p r o v i d e s 
the s w i t c h e d p o w e r s u p p l y to the p r o c e s s o r . T h e p o w e r is 
s w i t c h e d o f f a g a i n by a p u l s e f r o m the p r o c e s s o r a p p l i e d to 
p i n 2 1 ( o r f r o m the m a n u a l s t o p s w i t c h on the b o a r d , u S 2 ) . 
2 . 2 
IC 4 and ZD2 t o g e t h e r w i t h the a s s o c i a t e d r e s i s t o r s , f o r m a 
n e g a t i v e level d e t e c t o r , s u c h that if the n e g a t i v e b a t t e r y 
v o l t s f a l l s b e l o w a b o u t 7 v o l t s the o u t p u t of t h e o p - a m p 
g o e s h i g h , a n d s e t s o n e of t h e s t a t u s lines of the s t a t u s 
c a r d , w h i c h c a n be d e t e c t e d w h e n the u n i t is i n t e r r o g a t e d . T h e 
e x a c t v o l t a g e at w h i c h the u n i t o p e r a t e s is set by V R 2 . 
2 4 i i _ _ £ y i S g - a 2 ! d e r _ ^ e l £ £ l _ £ i r £ y i l j 
ICS is u s e d as a n o t h e r l e v e l d e t e c t o r to i n d i c a t e w h e n the 
s w i t c h e d 5 volt rail has r e a c h e d 9 7 % of its f i n a l v a l u e . I t 
is fed from a d e d i c a t e d line from the back p l a n e , o r i g i n a t i n g 
at the p o i n t w h e r e the 5 v o l t r a i l is a p p l i e d to the 
p r o c e s s o r b o a r d , a n d in t h i s way any d e l a y a l o n g the p o w e r 
s u p p l y r a i l s is a l l o w e d for 
W h e n the p o w e r to the p r o c e s s o r is f i r s t a p p l i e d , t h e o u t p u t 
rail f r o m the i n v e r t o r on the p o w e r d e t e c t c i r c u i t will be 
l o w , t h u s e n s u r i n g that the f l i o - f l o p c o m p r i s i n g D 1 / 2 , R 1 5 / 1 6 
and IC6 is o f f . I n t h i s s t a t e the m e m o r y e n a b l e line w i l l 
a l s o be l o w , m e a n i n g that the C m o s s t o r e of the s y s t e m c a n n o t 
be a c c e s s e d and p o s s i b l y c o r r u p t e d . A t the s a m e t i m e the RS 
line of the 4 0 4 0 IC7 w i l l be l o w , a n d t h u s the 6 4 kHz p u l s e s 
at pin 2 0 will p r o d u c e a p u l s e at 1 mS i n t e r v a l s at the 
i n p u t of t h e and g a t e c o n n e c t e d to 03 a n d pin 1 9 . A s soon as 
the v o l t a g e to t h e p r o c e s s o r is s u f f i c i e n t to t r i g g e r the 
p u l s e p o w e r d e t e c t c i r c u i t , t h e p o w e r d e t e c t l i n e w i l l go 
h i g h , and the 1 mS p u l s e s w i l l be a l l o w e d t h r o u g h the g a t e 
and a p o l i e d to the r e s e t i n p u t of the m i c r o p r o c e s s o r . O n 
r e c e i p t of a p u l s e at p i n 1 7 ( r e s e t h a l t i n ) , o r from the 
s w i t c h u S 3 , t h e f l i p f l o p w i l l c h a n g e s t a t e , t h u s h a l t i n g the 
p u l s e t r a i n from I C 7 , a n d at the s a m e t i m e , t h e m e m o r y e n a b l e 
line will go h i g h . S i n c e the r e s e t halt p u l s e is o n l y 
g e n e r a t e d by the p r o c e s s o r w h e n it h a s s t a r t e d up 
c o r r e c t l y , t h i s m e a n s that the p r o c e s s o r will be r e s e t at 1 
mS i n t e r v a l s u n t i l s u c h t i m e as it s t a r t s c o r r e c t l y , a n d 
u n t i l t h i s h a p p e n s , the m e m o r y is p r o t e c t e d . T h e s w i t c h u S 3 
is p r o v i d e d so that the p r o c e s s o r may be s t a r t e d m a n u a l l y 
for test p u r p o s e s . 
P f o c s a a a c - b o d f d 
R e f e r to the 3 0 8 5 CPU d r a w i n g , a n d a l s o m a n u f a c t u r e r s ' d a t a 
s h e e t s . 
The p r o c e s s o r b o a r d is b a s e d on the I n t e l 8 0 8 5 
m i c r o p r o c e s s o r , a n d c o n t a i n s four m a i n m o d u l e s , v i z 
1) The m i c r o p r o c e s s o r . 
2) The m e m o r y , c o n s i s t i n g of 4 K b y t e s of e p r o m , a n d 1 
k b y t e of R A M . 
3 ) T h e U S A R T , a n 8251 for c o m m u n i c a t i o n w i t h RS232 
dev i c e s . 
4) The 24 bit I/O c h i p , t y p e 8 2 5 5 to c o n t r o l t h e C o s m o s 
bus. 
All the d e c o d e d a d d r e s s and the d a t a l i n e s , t o g e t h e r w i t h 
r e a d , w r i t e , r e s e t in and o u t , a n d t w o 8 K b y t e p a g e s e l e c t 
l i n e s , a r e b r o u g h t out to the 43 w a y d o u b l e s i d e d e d g e 
c o n n e c t o r on the c o m p o n e n t , o r 'b' s i d e of the b o a r d , w h i l s t 
the 2 4 l i n e s from the I/O c h i p are t a k e n to the 'a' s i d e . 
3 * l _ _ T h 2 _ M i & r g Q r g c g 5 a Q r 
The 8 0 8 5 is fed f r o m a 4 . 9 1 5 2 M h z . c r y s t a l as the 
c l o c k , w h i c h is l o w e r t h a n the m a x i m u m s p e e d at w h i c h the 
s y s t e m w i l l r u n , b u t t h i s f r e q u e n c y has t h r e e b e n e f i t s , v i z -
1) The f r e q u e n c y c a n be r e d u c e d w i t h the s t r a i g h t b i n a r y 
d i v i d e r IC1 to g i v e the c o r r e c t f r e q u e n c i e s for the 
s t a n d a r d b a u d r a t e s to the U S A R T I C 4 . 
2) The r e d u c e d s p e e d m e a n s that m e m o r i e s C p a t i c u l a r l y the 
C m o s R A M ) can be of the l o w e r s p e e d s p e c i f i c a t i o n . 
3) The l o w e r clock s p e e d leds to a s l i g h t r e d u c t i o n in 
the s y s t e m p o w e r c o n s u m p t i o n . 
The r e s e t in to the c h i p is fed from a two i n p u t NOR g a t e 
I C 6 , w h i c h a l s o c h a n g e s the p o l a r i t y of the r e s e t i n p u t to 
p o s i t i v e , t h e r e s e t out from the p r o c e s s o r b e i n g fed to pin 
8 2 7 , f o r u s e by e x t e r n a l c i r c u i t s , a n d a l s o to the 8251 
IC4,and t h e 8 2 5 5 , I C 1 2 . T h e R E A D Y , T R A P , R E S T A R T , a n d I N T E R R U P T 
lines a r e a l l t i e d to t h e r e l e v a n t p o w e r r a i l s t h r o u g h p u l l -
u p / d o w n r e s i s t o r s , a n d may be w i r e d to the s p a r e p i n s on the 
edge c o n n e c t o r if r e q u i r e d in the f u t u r e . 
The m u l t i p l e x e d a d d r e s s / d a t a l i n e s are fed to the e i g h t 
bit latch I C S ( 8 2 8 2 ) and the a d d r e s s i n f o r m a t i o n is l a t c h e d 
in by t h e A D D R E S S - L A T C H - E N A B L E line on the p r o c e s s o r ( A L E pin 
3 0 ) . T h e o u t p u t of the latch f e e d s the o u t p u t from the b o a r d 
and a l s o t h e a d d r e s s b u s for use by the c o m p o n e n t s on the 
b o a r d . 
2 . 2 i d d c a a s - d s i a d i o g * 
A d d r e s s d e c o d i n g is p e r f o r e m d by I C 3 , I C 2 , a n d I C S , a s f o l l o w s -
ICS d o e s the d e c o d i n g for the t w o 10 c h i p s , s u c h that 
t h e y are o n l y s e l e c t e d d u r i n g 10 o p e r a t i o n s . T h e u s a r t 
c o n t r o l a n d data a d d r e s s e s a r e EDh and ECh r e s p e c t i v e l y . T h e 
82 55 has t h e c o n t r o l at 1 3 h , w i t h p o r t s 'a' to 'c' at 
1 0 h - 1 3 h . 
It s h o u l d be n o t e d that full a d d r e s s d e c o d i n g is not 
u s e d , e i t h e r for the 10 or the m e m o r y , a n d h e n c e the v a r i o u s 
d e v i c e s are a l s o a v a i l a b l e at o t h e r l o c a t i o n s w i t h i n the 
m e m o r y m a . 
IC2 d e c o d e s the t o p t h r e e a d d r e s s l i n e s of the a d d r e s s 
b u s , t o g i v e 8 8k ' p a g e s ' of m e m o r y . P a g e ' O ' , f r o m O O O O h to 
I f f f h is u s e d by the E P R O M s IC11 and I C 9 , w h i c h a r e a d d r e s s e d 
o n l y in the lower 4k of t h i s p a g e f r o m O O O O h to O F F F h . T h e 
RAM I C 7 , w h i c h is a I k x B b i t d e v i c e is ' e c h o e d ' 8 t i m e s in the 
s e c o n d p a g e of m e m o r y , a n d is a d d r e s s e d in the s e g m e n t 3 C 0 0 h 
to 3 F F F h to m a i n t a i n c o m p a t i b i l i t y w i t h the i n t e l c o m p u t e r 
b o a r d , a n d any s o f t w a r e w r i t t e n for it. 
P a g e s 3 and A of the m e m o r y a r e fed to the e d g e 
c o n n e c t o r for use by the CMOS r a m s in the d a t a s t o r e , a n d 
g i v e a c c e s s to a d d r e s s e s 4 0 0 0 h to 7 F F F h , 
ICS d e c o d e s a d d r e s s l i n e s All and A 1 2 to s e l e c t the 
r e l e v a n t Ik b l o c k s w i t h i n the f i r s t 8k p a g e to be used by 
t t h e EPROMS. 
3 . 3 _ _ T h 2 _ U S A R T . 
The 8251 u s a r t IC4 is fed d i r e c t l y from the p r o c e s s o r 
b u s ^ a n d w i l l o p e r a t e at b a u d r a t e s from 3 0 0 to 1 9 . 2 k b a u d by 
s u i t a b l e c h o i c e of the link from the b a u d r a t e g e n e r a t o r 
I C I . T h e u n i p o l a r o u t p u t and input for t r a n s m i t a n d R e c e i v e 
a r e fed o f f the b o a r d to be c o n v e r t e d to b i - p o l a r v o l t a g e s 
for u s e by R S 2 3 2 d e v i c e s . T h e R X R E A D Y line is a l s o b r o u g h t 
out for u s e by the a u t o t i m e - o u t c i r c u i t on a n o t h e r b o a r d . 
4 . Btjff g i . b Q a rdj 
The da t a r i n g b u f f e r b o a r d p e r f o r m s two m a i n f u n c -
t i o n s; f i r s t I y * i t p r o v i d e s an i n t e r f a c e b e t w e e n t h e 8 2 5 5 10 
c h i p on the p r o c e s s o r b o a r d and the C M O S b u s f o r the s e n s o r 
c a r d s , a n d s e c o n d l y it d e c o d e s 4 of the 10 r a i l s to s e l e c t 
o n e of ten cards in the card f r a m e . 
l i l R 2 a d _ l i n A _ b u f f e r * 
D a t a to be input to the p r o c e s s o r is o r e s e n t e d by the 
s e n s o r s e t c . on l i n e s 2 to 9 of the C m o s b u s . T o a l l o w for 
low o u t p u t l e v e l s , t h e s e s i g n a l s are b u f f e r e d u s i n g C D 4 0 1 0 9 
l e v e l c o n v e r t o r s ( I C 5 & I C S ) , w h o s e Vcc i n p u t s a r e fed from a 
3 volt r a i l from I C 2 . T h e s e b u f f e r s a r e t r i - s t a t e d e v i c e s 
w h i c h a r e d i s a b l e d w h e n the p r o c e s s o r p o w e r is t u r n e d o f f , b y 
c o n n e c t i o n to the m e m o r y e n a b l e l i n e . T h i s e n s u r e s that no 
v o l t a g e is a p p l i e d to the 10 c h i p s on the p r o c e s s o r b o a r d 
w h e n they a r e not p o w e r e d u p , s i n c e the p r e s e n c e of an i n p u t 
can d e s t r o y the d e v i c e . 
i * 2 _ _ W £ i t e _ i i O £ - b y f f e r ^ 
T h e w r i t e L i n e s a r e b u f f e r e d to C m o s l e v e l s w i t h H E F 4 0 5 0 
b u f f e r s w h o s e i n p u t s a r e c o n n e c t e d to p u l l u p r e s i s t o r s to 
e n s u r e t h a t t h e o u t p u t of t h e 8 2 5 5 10 c h i p is s u f f i c i e n t to 
s w i t c h t h e m . S i n c e n o ca rd w i l l e v e r be s e l e c t e d w h e n t h e 
p r o c e s s o r is p o w e r e d o f f , t h e r e is n o n e e d t o d i s a b l e the 
b u f f e r s at a n y t i m e . 
4 . 2 i a c d L a f l f c i Q d s c . 
T h e c a r d s a r e s e l e c t e d by a f o u r - t o - s i x t e e n l i n e d e c o d e r 
w i t h a c t i v e low o u t p u t s w h i c h is e n a b l e d , v i a an 
i n v e r t e r , f r o m t h e m e m o r y e n a b l e l i n e ( I C 6 ) . T h e low t h r e e 
i n p u t s to t h e d e c o d e r a r e fed v i a p u l l - u p r e s i s t o r s , b u t t h e 
h i g h line o n p i n 8 2 5 d o e s n o t h a v e a p u l l u p , s i n c e t h i s l i n e 
is u s e d d u r i n g t h e p o w e r u p s e q u e n c e to p r o v i d e a p o s i t i v e 
p u l s e o n c e t h e 10 c h i p is set up , a n d if p u l l u p r e s i s t o r s 
a r e u s e d on t h e l i n e , t h e p u l s e w i l l a p p e a r i m m e d i a t e l y t h e 
d e v i c e r e c e i v e s p o w e r . 
IC 3 and the two g a t e s of the IC1 c o n n e c t e d to i t , f o r m a 
t i m e r w h i c h p u t s a r e s e t p u l s e i n t o the p r o c e s s o r b o a r d if 
no i n p u t is r e c e i v e d by the o r o c e s s o r f r o m t h e US ART for 1 2 8 
s e c o n d s . 
If the m e m o r y e n a b l e line is l o w , i . e . the p r o c e s s o r is 
p o w e r e d o f f , t h e n the RS i n p u t to the 4 0 4 0 IC3 is 
u n c o n d i t i o n a l l y high and no p u l s e s w i l l a p p e a r on the o u t p u t 
of the c h i p at p i n 1 3 . I f , h o w e v e r , t h e m e m o r y e n a b l e is 
h i g h , t h e n the o n e s e c o n d p u l s e s at the c l o c k i n p u t at pin 
A 2 6 will be c o u n t e d up to 128 w h e n a p u l s e w i l l a p p e a r at 
the o u t p u t p i n 1 3 . P i n B 3 6 is c o n n e c t e d to the RX r e a d y line 
of the U S A R T on the p r o c e s s o r b o a r d , w h i c h g o e s h i g h w h e n e v e r 
a c h a r a c t e r is r e c e i v e d f r o m the R S 2 3 2 i n t e r f a c e . T h u s , t h e 
p r o c e s s o r is o n l y e v e r r e s e t from t h i s d e v i c e if the s y s t e m 
r e c e i v e s no i n p u t from the m o d e m (or k e y b o a r d ) for 1 2 8 
s e c o n d s , w h i c h it w i l l t a k e to m e a n t h a t c o n t a c t has b e e n 
l o s t . T h e r e s i s t o r , c a p a c i t o r and d i o d e s e r v e to 
d i f f e r e n t i a t e the c h a n g e in level to g i v e a s h o r t p u l s e . 
5* S i d f t _ u 2 _ b o a c d . 
R e f e r to ' D a t a r i n g s t a r t up b o a r d ' d r a w i n g . 
T h e d a t a r i n g s t a r t up b o a r d is r e s p o n s i b l e for p r o v i d i n g a 
p u l s e to the s w i t c h e d p o w e r s u p p l y ( q . v . ) w h e n e v e r the 
p r o c e s s o r n e e d s to be p o w e r e d u p . A t the m o m e n t , t h i s can be 
f r o m four d i f f e r e n t s o u r c e s , v i z -
1) A p u l s e from the c l o c k c a r d to i n d i c a t e that the 
s e n s o r s h a v e j u s t b e e n u p d a t e d , t h i s i n i t i a t e s a s c a n . 
2) The a u t o - a n s w e r m o d e m has d e t e c t e d a c a l l , o r a 
t e r m i n a l h a s b e e n p l u g g e d i n t o the f r o n t p a n e l 
c o n n e c t o r . 
3) One of the two d a t u m p r o b e s has s w i t c h e d . 
4) The v i s i t b u t t o n h a s b e e n d e p r e s s e d . 
In a d d i t i o n to s t a r t i n g the p r o c e s s o r , t h e card a l s o c o n t a i n s 
the c i r c u i t r y to p r o v i d e the s t o p p u l s e , a n d a t i m e r w h i c h 
c a n be r e s e t and read by t h e p r o c e s s o r , t o p r o v i d e a 64 
s e c o n d i n t e r v a l to be u s e d for t i m i n g out w h e n a line is 
b e i n g input to the s y s t e m f r o m the t e r m i n a l / m o d e m . 
5«.I i l a c l z y a - s i c G u i l s . 
The start up c i r c u i t s for the f o u r s o u r c e s of i n t e r r u p t 
o p e r a t e in the s a m e w a y , w i t h the e x c e p t i o n t h a t w h e r e a s the 
c l o c k and t e r m i n a l / m o d e m w i l l s t a r t the s y s t e m w i t h a s h o r t 
d u r a t i o n p u l s e , t h e d a t u m p r o b e s and v i s i t s w i t c h m u s t 
p r o v i d e a v o l t a g e for a b o u t one s e c o n d b e f o r e t h e s y s t e m 
w i l l o p e r a t e , d u e to the p r e s e n c e of the d e l a y n e t w o r k on 
the input s c h m i t t t r i g g e r . 
The i n p u t s from the m o d e m and t e r m i n a l D C D l i n e s , w h i c h 
a p p e a r on p i n s A41 and A 3 9 are p r e s e n t e d to the d i o d e 'OR' 
g a t e D 3 , D 4 a n d R I O , s i n c e t h e y are t r e a t e d i d e n t i c a l l y by the 
p r o c e s s o r , a n d t h i s l i n e , t o g e t h e r w i t h the o t h e r f o u r , is 
d i f f e r e n t i a t e d by the RC n e t w o r k s RP1 e t c . , a n d p r e s e n t e d to 
the set i n p u t of the tri s t a t e q u a d RS l a t c h I C 5 / 7 so that 
the s o u r c e of the i n t e r r u p t can be d e t e c t e d by the 
p r o c e s s o r . T h e s e v e n i n t e r r u p t l i n e s a r e a l s o i n p u t to the 8 
i n p u t NOR g a t e I C 4 , t h e o u t p u t of w h i c h is i n v e r t e d to 
p r e s e n t a p o s i t i v e p u l s e to the s t a r t - u p l i n e o n the p o w e r 
s u p p l y b o a r d . 
The f o u r to s i x t e e n line d e c o d e r IC6 e n a b l e s the two 
l a t c h e s on r e c e i p t of the SAO c o m m a n d , s o that t h e tri s t a t e 
L a t c h e s , w h i c h are in e f f e c t the i n t e r r u p t r e g i s t e r , c a n be 
read by t h e p r o c e s s o r . T h e SA1 to SA7 c o m m a n d s w i l l r e s e t the 
i n t e r r u p t r e g i s t e r l i n e s i n d e p e n d a n t l y to ' c l e a r ' the 
i n t e r r u p t s . 
The b i n a r y c o u n t e r IC 2 is fed f r o m t h e c m o s b u s o n e s e c o n d 
p u l s e via pin A 2 6 , a n d w h e n a c o u n t of 64 s e c o n d s is 
r e a c h e d , i t s e t s the m o s t s i g n i f i c a n t bit of t h e i n t e r r u p t 
r e g i s t e r . T h e c o u n t e r c a n be r e s e t at any t i m e by the S A 8 
c o m m a n d w h i c h p u t s a p u l s e o n t o the c o u n t e r ' s MR l i n e . 
SQaSJ:_dQan_£i r£uil.j. 
T h e SA15 c o m m a n d w i l l put a p u l s e o n t o t h e m o n o s t a b l e 
c o m p r i s e d of D l / 2 , R 1 / 2 / 3 , a n d CI w i t h the t h r e e i n v e r t i n g 
b u f f e r s of I C l , w h i c h w i l l put a 0.1 s e c o n d p u l s e o u t at p i n 
A A P . T h i s p u l s e is fed to the ' S T O P ' line on t h e p s u c a r d , a n d 
t u r n s off the p o w e r to the p r o c e s s o r . 
6 . C i a c k - c a c d j 
R e f e r to 'Data ring c l o c k / s a m p l e - p u l s e b o a r d ' d r a w i n g . 
The c l o c k c a r d p e r f o r m s t h r e e d i s t i n c t f u n c t i o n s , v i z -
1) G e n e r a t i o n of x t a l c o n t r o l l e d f r e q u e n c i e s f o r use by 
v a r i o u s o t h e r 
c a r d s . 
2 ) P r o v i s i o n of a real t i m e c l o c k w h i c h can b e r e a d by 
the m i c r o - p r o c e s s o r . 
3 ) C o n t r o l of d a t a l o g g i n g at i n t e r v a l s set by the m i c r o . 
All the f r e q u e c i e s u s e d by the card a r e g e n e r a t e d by a 
xtal o s c i l l a t o r b a s e d a r o u n d a 2 . 0 9 7 1 5 2 M h z . x t a l and an 
i n v e r t i n g b u f f e r I C 6 . T h e f r e q u e n c y of t h e o s c i l l a t o r is set 
by a t w i s t e d w i r e p a i r C 9 , w h o s e e x a c t v a l u e is set by 
c u t t i n g the w i r e to o b t a i n the c o r r e c t f r e q u e n c y . T h e b u f f e r 
on the o u t p u t of the o s c i l l a t o r is n e c c e s s a r y to e n s u r e t h a t 
c o n n e c t i o n of the c o u n t e r probe d o e s not c h a n g e the 
f r e q u e n c y of the c i r c u i t u n d e r t e s t . T h i s s i g n a l is d i v i d e d 
d o w n by the c o u n t e r IC3 to p r o v i d e t h r e e f r e q u e n c i e s and an 
o u t o u t to the n e x t d i v i d e r s t a g e . 
The 3 2 . 7 6 8 K h z , s i g n a l is fed to the input of the r e a l 
t i m e clock c h i p to p r o v i d e an a c c u r a t e s u b s t i t u t e for the 32 
K h z . xtal that it is d e s i g n e d to u s e . 
T h e 1 6 . 3 8 4 K h z . s i g n a l is fed to the p o w e r s u p p l y b o a r d 
and is u s e d by it to p r o v i d e the r e s e t p u l s e s at p o w e r -
up (for m o r e d e t a i l s see t h e r e l e v a n t s e c t i o n ) . 
T h e 4 . 0 9 6 K h z . s i g n a l is fed to the s t a t u s / d v m b o a r d , a n d 
p r o v i d e s t h e clock for the d v m . . 
The s e c o n d d i v i d e r s t a g e , I C 2 , p r o v i d e s a one s e c o n d p u l s e 
to the C o s m o s b u s for g e n e r a l p u r p o s e u s e by the s e n s o r 
c a r d s , a n d a l s o a half s e c o n d p u l s e for t h e s a m e b u s and t h e 
d i v i d e r IC1 w h i c h g e n e r a t e s p u l s e s at i n t e r v a l s of 1 . 8 7 5 
m i n u t e s for s a m p l i n g c o n t r o l , a s f o l l o w s . 
W h e n a c o u n t of 2 2 5 is r e a c h e d on the c o u n t e r I C 1 , w h i c h 
w i l l h a p p e n 1 . 8 7 5 m i n u t e s a f t e r r e s e t , t h e o u t p u t s 0 0 , 0 5 , 6 , 7 , 
of t h e c o u n t e r all go h i g h t o g e t h e r , w h i c h a l l o w s the 
v o l t a g e at the j u n c t i o n of R1 and C4 to rise f r o m a b o u t 0 . 6 
v o l t s to 5 v o l t s . T h i s p r o v i d e s a c l o c k p u l s e to I C 4 , a n d a l s o 
f o r c e s the o u t p u t of the 4 0 7 2 I C 7 h i g h . A f t e r a b o u t 5 m i c r o -
s e c o n d s the v o l t a g e at the j u n c t i o n of R 2 a n d C 5 is 
s u f f i c i e n t to r e s e t the c o u n t e r to z e r o , w h i l e t h e RC n e t w o r k 
R1,C 4 e n s u r e s that the r e s e t p u l s e is l o n g e n o u g h to 
c o r r e c t l y r e s e t the c o u n t e r . T h e s e c o n d input to t h e OR g a t e 
is u s e d to r e s e t the c o u n t e r w h e n the s a m p l i n g i n t e r v a l is 
c h a n g e d , s o that the s a m p l e s are s y n c h r o n i s e d to t h e t i m e at 
w h i c h the s a m p l i n g i n t e r v a l is s e t . 
C o u n t e r IC4 g e n e r a t e s p u l s e s at the f o u r s a m p l e i n t e r v a l s 
u s e d by t h e s y s t e m , t h e i n t e r v a l n e e d e d b e i n g c o n t r o l l e d by 
an o u t p u t of the 4508 I CI 1 and the four a n d g a t e s I C 1 0 
t o g e t h e r w i t h the or g a t e IC7.A load p u l s e for the s e n s o r 
c a r d s is g e n e r a t e d by C 1 6 / R 6 / I C 5 and h a s a l e n g t h of a b o u t 5 
m i c r o s e c o n d s . the r e s e t p u l s e o c c u r s a b o u t 3 0 m i c r o s e c o n d s 
later and has a s i m i l a r l e n g t h , b e i n g g e n e r a t e d by 
R 8 / C 1 2 / I C 5 . 
6 * 1 i u b = a d d f e a s _ d 2 & a d 2 f _ i C 8 j 
All f o u r sub a d d r e s s l i n e s are used by the c l o c k 
c a r d , t h e f u n c t i o n s b e i n g as f o l l o w s 
SA 0 C h i p s e l e c t and r e a d . 
SA 3 C h i p s e l e c t o n l y . 
SA 7 W r i t e a n d c h i p s e l e c t . 
SA 9 C l o c k d a t a s t r o b e . 
SA 12 S a m p l e i n t e r v a l s t r o b e . 
6 j l 2 -Eg.ai-iim-g_cio£k_chiej 
R e f e r to t h e m a n u f a c t u r e r s d a t a s h e e t . 
A s s t a t e d e a r l i e r , t h e 3 2 7 6 8 H z . c l o c k for t h e c h i p is 
p r o v i d e d by the m a i n c r y s t a l o s c i l l a t o r , s o t h e o t h e r f u n c -
t i o n s of t h e b o a r d a r e to r e a d d a t a f r o m the c l o c k a n d to 
w r i t e d a t a to it. 
6 . 3 — 
T h i s is t h e m o r e c o m p l e x of the t w o f u n c t i o n s , i n v i e w of 
t h e s t r i n g e n t t i m i n g r e q u i r e m e n t s for c o r r e c t r e a d i n g T h e 
a d d r e s s d a t a is p r e s e n t e d d i r e c t to t h e c l o c k c h i p v i a the 
c o s m o s w r i t e b u s , a f t e r t h i s the r e a d is e x e c u t e d by p u t t i n g 
o u t sub a d d r e s s 0 to t h e b o a r d . T h e c h i p s e l e c t l i n e g o e s low 
i m m e d i a t e l y the s u b a d d r e s s is w r i t t e n , and s t a y s low u n t i l 
it is c h a n g e d . T h e r e a d l i n e to the c h i p is s u p p l i e d w i t h a 
p u l s e a b o u t 8 m i c r o - s e c o n d s d e l a y e d f r o m the c h i p s e l e c t 
p u l s e by a b o u t 1 0 0 n a n o - s e c o n d s u n d e r t h e c o n t r o l of the two 
R C n e t w o r k s R 9 / C 1 8 a n d R l O / C 1 7 . W h e n the r e a d l i n e g o e s 
l o w , t h e d a t a at the a d d r e s s p r e s e n t e d from l i n e s 1 0 - 1 3 
a p p e a r s on t h e low f o u r l i n e s of t h e c o s m o s r e a d b u s , a n d t h e 
p r o c e s s o r h a s a b o u t 8 m i c r o - s e c o n d s in w h i c h to r e a d the 
d a t a . 
6 . 4 W £ i i i Q 3 _ t a _ l h g _ £ i o c kji 
s i n c e t h e r e a r e no l i m i t a t i o n s on h o w long m a y be s p e n t 
w r i t i n g d a t a to the c l o c k , t h i s may be d o n e s i m p l y . 
Data to be w r i t t e n is p r e s e n t e d to the l a t c h IC11 and 
l a t c h e d in u s i n g s u b - a d d r e s s 9 . A f t e r the d a t a is l a t c h e d 
i n , t h e a d d r e s s is p r e s e n t e d on the w r i t e l i n e s , a n d the d a t a 
is w r i t t e n in by e x e c u t i n g S A 3 , S A 7 , a n d f i n a l l y SA3 w h i c h 
t r a n s f e r s the d a t a i n t o the c l o c k . 
T h i s is d o n e in e x a c t l y the s a m e way as d a t a is s t o r e d 
for w r i t i n g to the c l o c k , b u t w i t h the e x e c u t i o n of S A 1 2 to 
s e l e c t the o t h e r h a l f of the l a t c h . 
Z . & y M _ a o d _ s l a l u a _ b g a f d j 
R e f e r to ' D a t a r i n g O V M / s t a t u s b o a r d ' d r a w i n g . 
T h e d v m / s t a t u s b o a r d p r o v i d e s two f u n c t i o n s . O n r e c e i p t of 
the SAO c o m m a n d it w i l l g i v e the v o l t a g e of t h e p o s i t i v e 
b a t t e r y supply^-and the SA1 c o m m a n d w i l l g i v e t h e s t a t e of 
the e i g h t b i n a r y i n p u t l i n e s , w h i c h are used to i n d i c a t e the 
s t a t e of s u c h t h i n g s as the g a s s u p p l y p r e s s u r e on a G O / N O -
GO b a s i s . B e c a u s e of l i m i t a t i o n s on b o a r d p i n s o n l y l i n e s 0 
to 6 are a v a i l a b l e for u s e o f f the b o a r d , a n d of t h e s e line 6 
is used to i n d i c a t e n e g a t i v e s u o p l y f a i l , w h i l s t line 5 
i n d i c a t e s t h e p r e s e n c e of the DCD s i g n a l on t h e R S 2 3 2 b o a r d . 
T h e o u t p u t of the DVM is an e i g h t bit b y t e , w i t h a r e s o l u t i o n 
of 0.1 v o l t s , so t h a t the r e a d i n g s a r e in the r a n g e 0 to 
2 5 . 5 v o l t s . 
The v o l t a g e to be m e a s u r e d is a p p l i e d at p i n A 40 and 
t h e n c e t h r o u g h the v o l t a g e d i v i d e r to the n e g a t i v e i n p u t of 
o p - a m p IC1.A clock s i g n a l of 64 kHz is a p p l i e d to the CL 
i n p u t of the c o u n t e r IC 4 w h o s e o u t p u t s a r e fed to the R / 2 R 
l a d d e r n e t w o r k c o m p r i s i n g R1 to R 1 6 . T h e e f f e c t of t h i s 
n e t w o r k is to feed a r a m p v o l t a g e to the n o n - i n v e r t i n g i n p u t 
of the o p - a m p I C l , w h o s e v a l u e is d i r e c t l y p r o p o r t i o n a l to 
the b i n a r y n u m b e r a p p e a r i n g on the o u t p u t of t h e c o u n t e r 
I C 4 . 
W h e n t h e v o l t a g e from the r a m p g e n e r a t o r j u s t e x c e e d s 
the input v o l t a g e from the d i v i d e r , t h e o u t p u t f r o m the o p -
amp g o e s h i g h l a n d p r o v i d e d the line on the a n d g a t e g a t e at 
the o u t p u t is a l s o h i g h , a p u l s e w i l l load t h e b i n a r y v a l u e 
from the c o u n t e r IC 4 i n t o the latch I C 6 , w h e r e it m a y be r e a d 
by the SAO c o m m a n d . 
The g a t e on the o u t p u t of the o p - a m p is c o n n e c t e d to the 
o u t p u t of the d e c o d e r I C 3 , a n d is n e c e s s a r y to e n s u r e that 
the latch c a n n o t be u p d a t e d w h i l s t the v o l t a g e is b e i n g r e a d 
by the p r o c e s s o r . 
T h e e i g h t s t a t u s l i n e s are fed to t h e r e s i s t o r p a d R P l , a n d 
the t r i - s t a t e latch I C 5 , w h i c h is w i r e d to be t r a n s p a r e n t to 
the input s i g n a l s , s o that w h e n d e c o d e r IC3 r e c e i v e s the SA1 
c o m m a n d , t h e s t a t e of the i n p u t of the latch c a n be read by 
t h e p r o c e s s o r . 
a * R i 2 3 2 _ i D l 2 c l a c 2 _ b a a c d , 
The R S 2 3 2 i n t e r f a c e b o a r d c o n v e r t s the s i g n a l s on the 
t r a n s m i t , r e c e i v e and D C D C d a t a c a r r i e r d e t e c t ) l i n e s f r o m the 
b i - p o l a r v o l t a g e s of the RS232 s t a n d a r d , t o the u n i p o l a r 
v o l t a g e s for the 8251 U S A R T on the p r o c e s s o r b o a r d . 
In a d d i t i o n , t h e s w i t c h S W 1 , m o u n t e d at the f r o n t of the 
c a r d , f e e d s the s c h m i t t t r i g g e r t h r o u g h the RC n e t w o r k to 
p r o v i d e a r e s e t p u l s e to the m i c r o p r o c e s s o r v i a p i n A26 on 
the e d g e c o n n e c t o r . 
S * 1 I c a o s m i t - b u i i a i j 
T h e /TX line from the U S A R T on the p r o c e s s o r c a r d is a p p l i e d 
v i a pin A35 to an i n v e r t i n g a m p I i f i e r , IC3 . The o u t p u t of t h i s 
a m p l i f i e r , w h i c h is not less than +- 3 v o l t s , i s a p p l i e d to 
the front p a n e l c a n n o n c o n n e c t o r p i n 3 , a n d a l s o to the m o d e m 
w i r e s via p i n 8 3 8 . 
3 . 2 B s c s i v s - b u l l e f . 
B i - p o l a r s i g n a l s w i t h an a m p l i t u d e of not less t h a n +- 3.5 
v o l t s , a r e a p p l i e d to r e s i s t o r s R1 and RIO f r o m the c a n n o n 
c o n n e c t o r pin 2 , a n d the m o d e m via p i n 8 3 9 , a n d t h e n c e t h r o u g h 
r e s i s t o r s R2 and R11 r e s p e c t i v e l y to two i n p u t s of the NOR 
g a t e I C 2 . T h e g a t e p r o t e c t i o n d i o d e s w i t h i n t h e H E F 4 0 0 2 in 
c o n j u n c t i o n w i t h t h e s e s e r i e s r e s i s t o r s s e r v e to p r o t e c t the 
g a t e s f r o m n e g a t i v e v o l t a g e s , o r v o l t a g e s e x c e e d i n g 5 
v o l t s , o n the i n p u t s . T h u s s i g n a l s on the r e c e i v e l i n e s are 
i n v e r t e d and c o n v e r t e d to u n i - p o l a r 5 volt l e v e l s to be 
a p p l i e d to the /R X i n p u t of the U S A R T . 
S*5__££D_tiuf fS£j 
The c i r c u i t r y b e t w e e n p i n s 0 2 0 on the c a n n o n c o n n e c t o r / 8 4 0 
from the m o d e m , f u n c t i o n s i d e n t i c a l l y to the RX b u f f e r 
e x c e p t t h a t the s c h m i t t t r i g g e r is u s e d to re i n v e r t the 
p o l a r i t y of the s i g n a l w h i c h is a p p l i e d to p i n A41 and 
t h e n c e to the s t a r t up b o a r d w h e r e it s t a r t s up the 
p r o c e s s o r w h e n the m o d e m r e c e i v e s an i n c o m i n g c a l l or a 
t e r m i n a l d e v i c e is p l u g g e d i n t o the f r o n t p a n e l c o n n e c t o r . 
2* S a o a g r . b Q a r d m * 
R e f e r to " D a t a r i n g s e n s o r b o a r d " d r a w i n g . 
The s e n s o r b o a r d s for the s y s t e m a r e in two s e c t i o n s on one 
b o a r d . T h e first s e c t i o n is s p e c i f i c to the p a t i c u L a r 
s e n s o r , a n d is r e s p o n s i b l e for c o n v e r t i n g the s i g n a l f r o m the 
s e n s o r to a f r e q u e n c y r o u g h l y in the r a n g e 0 - 4 K h z . w h i c h 
is then i n t e g r a t e d and s t o r e d by the s e c o n d h a l f of the 
c i r c u i t , w h i c h is c o m m o n to a l l b o a r d s . 
A s i g n a l in the r a n g e 0 - 4 K h z . is p r e s e n t e d at t h e c l o c k 
i n p u t of the 4 0 4 0 IC3 and the s i g n a l d i v i d e d d o w n by 8 , 1 6 , 3 2 
or 64 is p r e s e n t e d to 4 ' a n d ' g a t e s 4 0 8 1 . T h e o t h e r i n p u t s to 
the and g a t e s a p p e a r at the b o a r d e d g e c o n n - e c t o r at p i n s 
A31 to A 3 4 , o n l y o n e of w h i c h w i l l be at logic '1' d e p e n d a n t 
on the i n t e g r a t i o n p e r i o d s e l e c t e d , t h u s the n u m b e r of o u t p u t 
n u l s e s a p p e a r i n g at the o u t p u t of 'or' g a t e I C 6 4 0 7 2 , i s 
i n d e p e n d e n t of the i n t e g r a t i o n o e r i o d s e l e c t e d . 
The s i g n a l from IC6 f e e d s two c o u n t e r s in s e r i e s , I C 2 & 
I C I . T h i s g i v e s a s i x t e e n bit n u m b e r w h i c h is p r e s e n t e d to 
two 8 - b i t T r i - s t a t e l a t c h e s IC5 and I C 4 , A t the e n d of the 
i n t e g r a t i o n p e r i o d s e l e c t e d a load p u l s e a p p e a r s at p i n A27 
a n d the d a t a p r e s e n t e d to the l a t c h e s is s t o r e d . S h o r t l y 
a f t e r the load p u l s e C a b o u t 10 m i c r o s e c o n d s ) , t h e r e s e t p u l s e 
a p p e a r s at p i n A 2 8 , and the c o u n t e r s IC2 and IC1 are r e s e t 
to zero r e a d y for the n e x t i n t e g r a t i o n . 
The s t o r e d 16 b i t n u m b e r can now be r e a d by the 
m i c r o p r o c e s s o r ' s b i t s at a t i m e via the C O S M O S b u s r e a d 
l i n e s ( A 2 to A 9 ) . 
The l a t c h e s put t h e i r d a t a o n t o t h e r e a d l i n e s w h e n the /E 
i n p u t ( p i n s 3 S 1 5 ) is f o r c e d l o w . T h e p r o c e s s o r d o e s t h i s b y 
f i r s t s e l e c t i n g the b o a r d w i t h a low level on p i n A 3 8 
p r e s e n t e d to the /OE i n p u t of the 2 - 4 line d e c o d e r I C S . T h e 
sub a d d r e s s l i n e s SAO and SA1 at p i n s A 1 8 and A 1 9 w i l l n o w 
read out the l a t c h e s IC5 and IC6 at s u b - a d d r e s s '0' and '1' 
r e s p e c t i v e l y , t h e s e b e i n g the l e a s t and m o s t s i g n i f i c a n t d a t a 
b y t e s . 
The 2 7 1 6 E P R O M , I C 7 , s t o r e s the c a l i b r a t i o n c o e f f i c i e n t s for 
the i n d i v i d u a l s e n s o r . O n l y a d d r e s s l i n e s AO to A7 a r e 
u s e d , t h e s e b e i n g c o n n e c t e d to the c o s m o s bus ' w r i t e ' l i n e s 
on pins AlO to A 1 7 . A d d r e s s e s A8 to AID are tied to g r o u n d , s o 
that a t o t a l of 2 5 6 b y t e s is r e a d a b l e on the e p r o m . 
It is s e l e c t e d by s u b - a d d r e s s '3' on I C S , a n d w h e n the 
s w i t c h e d 5 v o l t p o w e r s u p p l y is a p p l i e d via p i n A 3 6 , t h e d a t a 
c a n be read on the c o s m o s read b u s . 
9 a l _ _ T h 2 _ D i g i g y a r t z _ i n t 2 r f a g e . b g a r d * 
R e f e r to " D i g i q u a t z I n t e r f a c e " d r a w i n g . 
The d i g i q u a r t z p r e s s u r e s e n s o r g i v e s a f r e q u e n c y o u t p u t in 
the r a n g e a b o u t 3 6 - 4 0 K h z , a n d s i n c e t h i s is t o o h i g h to be 
read by the s e n s o r c i r c u i t ^ i t m u s t f i r s t be r e d u c e d . O n e 
s o l u t i o n w o u l d be to d i v i d e t h e i n p u t f r e q u e n c y by t e n , b u t 
t h i s w o u l d a l s o r e d u c e the r e s o l u t i o n a v a i l a b l e . T h e s o l u t i o n 
a d o p t e d in the f i n a l d e s i g n is to s u b t r a c t a c o n s t a n t 
f r e q u e n c y from that i n p u t . 
The s e n s o r is p o w e r e d from the + 1 2 v o l t rail v i a a 50mA 
fuse and p i n 842 . The i n p u t f r e q u e n c y a p p e a r s at p i n 
A 4 1 , a n d p a s s e s t h r o u g h R2 to be p r e s e n t e d to t h e c l o c k i n p u t 
of the 4 0 4 0 I C I O , a n d at the i n p u t to the g a t e c o m p r i s i n g 
I C 1 2 C and I C 1 2 A . A low level at the a n o d e of d i o d e D6 p r e -
v e n t s the s i g n a l p a s s i n g t h r o u g h the g a t e a n d a p p e a r i n g at 
the o u t p u t of I C 1 2 A , w h i l s t a h i g h level a l l o w s t h e s i g n a l to 
p a s s . 
A 5 m i c r o - s e c o n d p u l s e a p p e a r s on p i n A 2 9 at h a l f s e c o n d 
i n t e r v a l s and t h i s is u s e d to r e s e t the two 4 0 4 0 c o u n t e r s 
I C 1 0 and I C 1 1 , a s w e l l as to f o r c e a low level on the o u t p u t 
of the f l i p - f l o p c o m p r i s i n g I C 1 2 F and I C 1 2 B . T h u s w h e n the 
p u l s e a p p e a r s the s i g n a l f r o m the s e n s o r c a n n o t p a s s t h r o u g h 
the g a t e . W h e n the o u t p u t s f r o m 0 1 , 0 2 & 06 of t h e 4 0 4 0 IC11 
a I I go h i g h , a p u l s e is a p p l i e d , v i a IC12D and l C 1 2 E ^ t o the 
f l i p - f l o p ' s e t ' i n p u t , a n d the s e n s o r s i g n a l c a n p a s s t h r o u g h 
to the c o u n t e r s in the rest of the b o a r d u n t i l the n e x t 
h a l f - s e c o n d p u l s e a p p e a r s . 
The e f f e c t of all t h i s is to r e d u c e the i n p u t f r e q u e n c y of 
the D i g i q u a r t z by 3 5 8 4 0 H z , w h i l s t l e a v i n g the r e s o l u t i o n 
u n c h a n g e d . 
R e f e r to the " O t t I n t e r f a c e " d r a w i n g . 
The Ott f l o a t g a u g e is a t t a t c h e d to a o r e c i s i o n m u l t i - t u r n 
p o t e n t i o m e t e r w i t h a r e s i s t a n c e of 5 K - o h m s , a n d it is 
n e c c e s s a r y to c o n v e r t t h i s to a f r e q u e n c y . O n the p r s e n t 
s e n s o r b o a r d t h i s is d o n e by a 9 4 0 0 C T v o l t a g e - t o - f r e q u e n c y 
c o n v e r t o r and a p r e c i s i o n v o l t a g e r e f e r e n c e . 
B a n d g a p d i o d e D1 is fed via r e s i s t o r RIO f r o m t h e +5 v o l t 
rail of the C o s m o s d a t a b u s , a n d p r o v i d e s a v o l t a g e r e f e r e n c e 
of about 1 . 2 v o l t s , t h i s is a m p l i f i e d by o p - a m p I C 1 2 and 
f e e d b a c k n e t w o r k R 8 / R 9 to p r o v i d e a b o u t 2.5 v o l t s n o m i n a l 
s u p p l y to the p o t e n t i o m e t e r high end via pin 8 4 2 . T h e o u t p u t 
f r o m the p o t , w h i c h is p r o p o r t i o n a l to t h e t i d a l e l e v a -
t i o n , a p p e a r s at p i n A 4 2 and is p r e s e n t e d to the a m p l i f i e r 
c o m p r i s i n g I C 1 1 , R 6 R 7 and V R 2 . T h e a m p l i f i e r is set to h a v e a 
g a i n of l e s s than t w o , a n d the t r i m m e r V R 2 s h o u l d be set to 
g i v e an o u t p u t v o l t a g e at p i n 6 of IC11 of 4 . 8 v o l t s (+-
. 0 5 ) w h e n the pot is at its h i g h e s t e l e v a t i o n . T h i s c h e c k can 
be c a r r i e d out w i t h o u t the pot in p l a c e by j o i n i n g p i n s A4 2 
and 84 2 t o g e t h e r . 
The v o l t a g e r e s u l t i n g f r o m the a m p l i f i e r and p o t . is 
p r e s e n t e d to the i n p u t of the V-F c o n v e r t e r I C I O . T h e o u t p u t 
f r e q u e n c y of this c h i p is d e t e r m i n e d by s e v e r a l of the p a s -
s i v e c o m p o n e n t s c o n n e c t e d to i t , t h e only n o n e - c r i t i c a l 
c o m p o n e n t b e i n g R 2 , w h i c h is just a load for the f i n a l 
f r e q u e n c y d i v i d e r s t a g e i n s i d e the c h i p . T h e t r i m m e r V R1 s e t s 
the o u t p u t f r e q u e n c y of the o s c i l l a t o r and s h o u l d be set to 
g i v e a f r e q u e n c y of a b o u t 10 H z . at oin 10 of I C 1 0 w i t h the 
pot at the l o w e s t e l e v a t i o n . A g a i n t h i s t e s t c a n b e c a r r i e d 
o u t w i t h o u t the pot by s h o r t i n g p i n A 4 2 to the 0 v o l t r a i l 
on the boa rd. 
A P P E N D I X 1 
M £ £ 2 £ £ 2 £ 2 S S Q r _ B y ^ j 
1 +5 v o l t s 
2 D7 
3 D6 
4 D5 
5 D4 
6 D3 
7 D2 
8 D1 
9 DO 
10 AO 
11 A1 
12 A2 
13 A3 
1 4 A4 
15 A5 
16 A6 
1 7 A 7 
18 A8 
19 A9 
20 A10 
21 A l l 
22 A12 
23 nc 
2 4 /WT 
25 /RD 
26 r e s e t i n 
2 7 / R S o u t 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 p o l . k e y 
38 P a g e 1 
39 P a g e 2 
40 
41 
42 
4 3 g r o u n d 0 v o l t s 
P a g e 1-1 17 M a r , 1 9 8 6 
APPENDIX 2 
1 +5 v o l t s c o n t i n u o u s 
2 - 9 Read l i n e s ( i n t o 8 0 8 5 ) 
1 0 - 1 7 W r i t e l i n e s 
1 8 S u b - A d d r e s s 0 
19 S A1 
20 SA2 
21 SA3 
2 2 + 1 2 v o l t s u n s m o o t h e d 
23 
24 
25 
26 1 s e c o n d i n t e r v a l p u l s e 
27 c l o c k load p u l s e 
28 c l o c k r e s e t p u l s e 
29 0 . 5 s e c o n d p u l s e 
30 - 1 2 v o l t s 
31 
31 I n t e r v a l s e l e c t 1 . 8 7 5 min 
32 IS 3 . 7 5 m i n . 
33 IS 7.5 m i n . 
3 4 IS 1 5 . 0 m i n . 
35 E n a b l e line 
36 S w i t c h e d +5 v o l t s . 
P a g e 2-1 17 M a r , 1 9 8 6 
A P P E N D I X 3 
S D i l w a r g . i i s l i n g , 
D a t a r i n g s o f t w a r e a s s e m b l e r l i s t i n g , p r o d u c e d u s i n g R I P / I 8 5 X 
8 0 8 5 c r o s s a s s e m b l e r . 
P a g e 3 - 1 17 M a r , 1 9 8 6 
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1 9 / M a r / 8 6 0 9 : 0 9 n p D a t a r i n g s o f t w a r e v 2 . 4 
0 0 0 5 7 O A O D DW O D O A H 
0 0 0 5 9 4 2 4 9 4 4 5 3 5 4 08 • B I D S T O N D A T A R I N G 
0 4 F 4 E 2 0 4 4 4 1 
0 5 4 4 1 5 2 4 9 4 E 
0 4 7 2 0 2 0 7 6 2 0 
0 3 2 2 E 3 4 
0 0 0 7 0 O A O D dw O d O a h 
0 0 0 7 2 4 2 6 9 6 4 7 3 7 4 db ' B i d s t o n test set 
0 6 F 6 E 2 0 7 4 6 5 
0 7 3 7 4 2 0 7 3 6 5 
0 7 4 2 0 2 0 2 0 2 0 
0 0 0 7 3 04 DB 04H 
0 0 0 8 7 C D D 1 0 0 C A L L P S W D 
0 0 0 8 A FEFF CPI O F F H 
0 0 0 8 C C A 2 7 0 0 JZ RIS 
0 0 0 8 F C D 0 0 0 8 P M T : C A L L P M P T 
0 0 0 9 2 3 A 2 5 4 0 R IS2 : LDA SIS 
0 0 0 9 5 E 6 0 2 ANI 0 2 H 
0 0 0 9 7 C A A 1 0 0 JZ R I S 3 
0 0 0 9 A 3 E 2 2 MVI A , 2 2 H 
0 0 0 9 C D 3 1 2 O U T PC 
0 0 0 9 E C D O O O C C A L L LGSC 
0 00A1 3 A 2 5 4 0 R I S 3 : LDA SIS 
0 0 0 A 4 E 6 0 4 ANI 04H 
0 0 0 A 6 C A B O O O JZ R I S 4 
0 0 0 A 9 3 E 2 3 MVI A , 2 3 H 
0 O O A B D31 2 O U T PC 
0 GOAD C D E 6 0 D C A L L DPIR 
0 0 0 8 0 3 A 2 5 4 0 R I S 4 : LDA SIS 
0 0 0 8 3 E 6 0 8 ANI 08H 
0 0 0 8 5 C A B F O O JZ R I S 5 
0 0 0 8 8 3 E 2 4 M V I A , 2 4 H 
0 O O B A D31 2 O U T PC 
0 O O B C C D C E O D C A L L DPR 
0 O O B F 3 A 2 5 4 0 R I S 5 ; LDA SIS 
0 0 0 C 2 E 6 1 0 ANI 10H 
0 0 0 C 4 C A C E O O JZ R I S 6 
0 0 0 C 7 3 E 2 5 MVI A , 2 5 h 
0 0 0 C 9 0 3 1 2 OUT PC 
0 O O C B C D 4 E 0 E C A L L L 6 V S 
0 O O C E C 3 2 7 0 0 R I S 6 : J M P RIS 
0 0 0 D 1 C D 9 1 0 1 P S W O : CALL CRLF 
0 0 0 D 4 1 6 0 3 M V I D , 0 3 H 
0 0 0 D 6 C D 9 1 0 1 P S W 1 : C A L L CRLF 
0 0 0 D 9 C D 2 F 0 7 C A L L A P R T 
0 O O D C 5 0 4 1 5 3 5 3 5 7 DB • P A S S W O R D ? • 
0 4 F 5 2 4 4 3 F 
0 0 0 E 5 O A O D DW O D O A H 
0 0 0 E 7 2A04 DW 0 4 2 A H 
0 0 0 E 9 C D 4 3 0 1 P S W 2 : C A L L 8 1 L 
0 O O E C FEOD CPI O D H 
0 O O E E C A F 7 0 0 JZ p s w 3 
0 0 0 F 1 C D 9 1 0 1 c a l l crlf 
0 0 0 F 4 C 3 E 9 0 0 j m p p s w 2 
0 0 0 F 7 21 C 0 3 D P S W 3 : L X I H , 3 D C 0 H 
0 O O F A 05 P U S H D 
V 2 , 4 
P a g e 
1 9 / M a r / 8 6 0 9 : 0 9 n p D a t a r i n g s o f t w a r e v 2 . 4 
0 O O F B 1 1 3 2 0 1 LX I D / P S W M 
0 O O F E 1 A P S W 4 : L D A X D 
0 O O F F F E 0 4 CPI 04H 
0 0101 C A 2 F 0 1 JZ P W O K 
0 0 1 0 4 BE CMP M 
0 0 1 0 5 C 2 0 D 0 1 JNZ P W W R 
0 0 1 0 8 23 INX H 
0 0 1 0 9 1 3 INX D 
0 0 1 0 A C 3 F E 0 0 J M P P S W 4 
0 01 OD 2 1 C 0 3 D PWWR: LXI H , 3 D C 0 H 
0 0 1 1 0 1 1 3 6 0 1 LXI D , P S X C 
0 01 1 3 1 A P S W 5 : L D A X D 
0 011 4 F E 0 4 CPI 04H 
0 0 1 1 6 C A 2 A 0 1 JZ XCOK 
0 0 1 1 9 BE CMP M 
0 01 1 A C 2 A 7 0 1 JNZ h i g h t 
0 01 1 D 23 INX H 
0 01 1 E 13 INX D 
0 01 1 F C 3 1 3 0 1 J M P P S W 5 
0 01 22 D1 PWR1 ; P O P D 
0 0 1 2 3 1 5 OCR D 
0 0 1 2 4 C 2 D 6 0 0 JNZ PSWl 
0 0 1 2 7 3 E F F MVI A f O F F H 
0 0 1 2 9 C9 RET 
0 01 2A 3E01 X C O K : M V I A,01 
0 01 2C 3 2 A 0 3 E STA EXCF 
0 01 2F D1 P W O K : P O P D 
0 01 3 0 AF XRA A 
0 0131 C9 RET 
0 01 32 0 0 0 0 P S W M : DW OH 
0 01 34 0 0 0 0 DW OH 
0 01 36 0 0 0 0 P S X C ; DW OH 
0 01 38 0 0 0 0 DW OH 
0 01 3A 0 0 0 0 DW OH 
0 01 3C 3E0F D L Y 1 : MVI A / O F H 
0 01 3E 3D 0L1 : OCR A 
0 01 3F C 2 3 E 0 1 J N Z DL1 
0 0 1 4 2 C9 RET 
0 0 1 4 3 3 E 2 8 B I L ; MVI A , 2 8 H 
0 0 1 4 5 031 2 OUT PC 
0 01 4 7 3 E 2 0 MVI A , 2 0 H 
0 0 1 4 9 D31 2 O U T PC 
0 01 4 8 2 1 C 0 3 D B I L 1 ; LXI H , 3 D C 0 H 
0 0 1 4 E DB1 0 B I L 2 : IN PA 
0 0 1 5 0 E 6 8 0 ANI 8 0 H 
0 01 52 F E 8 0 CPI 8 0 H 
0 01 54 C C O E O D CZ CKSC 
0 01 57 DEED IN UC 
0 0 1 5 9 E 6 0 2 ANI 02H 
0 01 58 C A 4 E 0 1 JZ B I L 2 
0 01 5E OBEC IN UD 
0 0 1 6 0 E67F ANI 7FH 
0 0 1 6 2 FE7F CPI 7FH 
0 0 1 6 4 C 2 7 6 0 1 J N Z B I L 3 
0 01 6 7 3 E C 0 M V I A , 0 C 0 H 
0 0 1 6 9 BD C M P L 
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1 9 / M a r / 8 6 0 9 : 0 9 r 1 p D a t a r i n g s o f t w a r e v2.4 
0 040F DBEC IN UD 
0 0411 E67F ANI 7FH ; S T R I P O F F P A R I T Y 
0 0413 FE31 CPI 31 H ; C H E C K INPUT AND GO TO L A B E L 
0 041 5 C A 3 9 0 4 JZ TRLI 
0 0 4 1 8 F E 3 2 CPI 32H 
0 041 A C A 4 7 0 4 JZ T R L 2 
0 041 D FE33 CPI 33H 
0 041 F C A 6 3 0 4 JZ T R L 3 
0 0 4 2 2 F E 3 4 CPI 34H 
0 0 4 2 4 C A 7 1 0 4 JZ T R L 4 
0 0 4 2 7 FE35 CPI 35H 
0 0 4 2 9 C A 8 0 0 4 JZ T R L 5 
0 042C F E 3 0 CPI 30H 
0 042E C A 0 0 0 8 JZ P M P T GO BACK TO C O M M A N D IF 'O* 
0 0431 0E21 MVI C , 2 1 H 
0 0 4 3 3 C D 1 7 0 9 CALL co ; I L L E G A L C H A R , S O O U T P U T * 1 ' 
0 0 4 3 6 C 3 0 0 0 4 JMP TR TRY A G A I N 
0 0 4 3 9 3 A 1 3 4 0 T R L 1 : LDA PS VI ; SEND B A C K DATA IN A S C I I 
0 0 4 3 C 67 
M O V H,/ \ ; PUT A D D R E S S TO S T A R T T R A N S M I S S I O N IN ML PAIR 
0 043D 3 A 1 4 4 0 LDA P S V 2 
0 0 4 4 0 6F MOV L , A 
0 0441 C D F C 0 5 CALL TAsc ; G O T O A S C I I T R A N S M I T S E G M E N T 
0 0 4 4 4 C 3 0 0 0 4 J M P TR 
0 0 4 4 7 3 A 1 1 4 0 T R L 2 : LDA PTR1 ; SEND B A C K DATA FROM M I D N I G H T 
0 0 4 4 A 67 MOV H,A ; P U T C U R R E N T DATA P O I N T E R INTO HL 
0 0 4 4 8 3 A 1 2 4 0 LDA P T R 2 
0 0 4 4 E 6F MOV L,A 
0 044F C D C 6 0 5 CALL FMDN ; NOW G E T M I D N I G H T A D D R . INTO HL 
0 0 4 5 2 C 2 5 D 0 4 JNZ T R 21 ; A C C . SET TO Z E R O IF NOT S U C C E S F U L 
0 0 4 5 5 0E21 M V I C , 2 1 H 
0 0 4 5 7 C D 1 7 0 9 CALL cO 
0 0 4 5 A C 3 0 0 0 4 J M P TR 
0 0 4 5 0 C D F C 0 5 TR21 : CALL TASC 
0 0 4 6 0 C 3 0 0 0 4 J M P TR 
0463 3 A 1 3 4 0 
0 4 6 6 67 
0 4 6 7 3 A 1 4 4 0 
0 4 6 A 6F 
0 4 6 8 C D 4 B 0 5 
0 4 6 E C 3 0 0 0 4 
1 
1 
0 
0 
0 
0 
0 
0 
1 
1 
0 0471 C D O E O D 
T R L 4 : CALL C K S C 
0 0 4 7 4 OBED 
0 4 7 6 E602 
0 4 7 8 C A 7 1 0 4 
0 4 7 8 D8EC 
0 4 7 0 C 3 B A 0 7 
T R L 3 : LDA 
MOV 
LDA 
MOV 
CALL 
J M P 
PSV1 
H , A 
P S V 2 
L,A 
T B I N 
TR 
S E N D BACK DATA IN P S U E O O B I N A R Y 
SET T R A N S M I T P O I N T E R 
IN 
AN I 
J Z 
IN 
j mp 
UC 
0 2 H 
T R L 4 
UD 
11 r 
F R O M CHAR SENT 
U S A R T 
TO 
0 4 8 0 C D 2 F 0 7 
0 4 8 3 4 6 4 C 4 1 4 7 5 3 
T R L 5 : C A L L APRT 
DB ' F L A G S ' 
P a g e 
1 9 / M a r / 8 6 0 9 : 0 9 r 1 p D a t a r i n g s o f t w a r e v 2 . 4 
0 0 4 8 8 O A O D DW O D O A H 
0 0 4 8 9 04 DB 0 4 H 
0 0 4 8 8 2 1 1 0 4 0 LXI H , 4 0 1 OH 
0 0 4 8 E 1 6 1 0 MVI D , 1 0 H 
0 0 4 9 0 7E TR51 : M O V A,M 
0 0491 C D 4 1 0 7 C A L L P R A C 
0 0 4 9 4 C D 2 9 0 7 C A L L S P C E 
0 0 4 9 7 23 INX H 
0 0 4 9 8 1 5 OCR D 
0 0 4 9 9 C 2 9 0 0 4 JNZ TR51 
0 049C C D 0 C 0 9 C A L L c r l f 2 ; 
0 0 4 9 F 1 6 1 0 MVI D , 1 0 H ; 
0 04A1 7E T R 5 2 : M O V A,M 
0 0 4 A 2 C D 4 1 0 7 C A L L P R A C 
0 0 4 A 5 C D 2 9 0 7 C A L L S P C E 
0 0 4 A 8 23 INX H 
0 0 4 A 9 1 5 DCR D 
0 04AA C 2 A 1 0 4 JNZ T R 5 2 
0 0 4 A D C 0 0 C 0 9 C A L L c r l f 2 
0 0 4 8 0 C D 0 C 0 9 C A L L c r l f 2 
0 0 4 B 3 C D 2 F 0 7 C A L L A P R T 
0 0 4 8 6 5 3 5 4 4 1 5 4 5 5 DB ' S T A T U S ' 
0 5 3 2 0 2 0 
0 0 4 8 7 04 DB 04H 
0 0 4 8 F 3E31 
S E N D OUT FLAG DATA 
RET AT E N D OF LINE OF 16 F L A G S 
R E S E T D FOR N E X T L I N E 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 4 C 1 D 3 1 2 
0 4 C 3 D B 1 0 
0 4 C 5 C D 3 2 0 5 
0 4 C 8 C D 0 C 0 9 
0 4 C B C D 0 C 0 9 
0 4 C E C 0 2 F 0 7 
04D1 4 2 4 1 5 4 5 4 4 5 
5 2 5 9 2 0 5 6 4 F 
4C 5 4 5 3 3 D 2 0 
0 4 0 2 04 
04E1 3 E 3 0 
0 4 E 3 D 3 1 2 
0 4 E 5 D B 1 0 
0 4 E 7 D 6 0 1 
0 4 E 9 C D F 2 0 4 
0 4 E C C D 0 C 0 9 
04EF C 3 0 0 0 4 
OUT 
IN 
PC 
PA 
DB 
C A L L P B I N 
C A L L c r l f 2 
C A L L c r l f 2 
C A L L A P R T 
• B A T T E R Y V O L T S = 
P R I N T THE S T A T U S W O R D IN B I N A R Y . 
DB 
MVI 
OUT 
IN 
SUI 
0 4 H 
A / 30h 
PC 
PA 
01 
C A L L P R A D 
C A L L c r l f 2 
J M P TR 
R E A D THE DVM 
P R I N T THE V O L T A G E 
04 F2 
0 4 F 4 
0 4 F 7 
04 F9 
04 FB 
0 4 F E 
0501 
0 5 0 3 
0 5 0 6 
0 5 0 8 
0 5 0 A 
F E C 8 
D A 0 1 0 5 
D 6 C 8 
0 E 3 2 
C D 2 C 0 5 
C 3 0 D 0 5 
F E 6 4 
0 A O D O 5 
D664 
0E31 
C D 2 C 0 5 
PRAD; 
P R D 1 ; 
CPI 
J C 
SUI 
M V I 
C A L L 
J M P 
CPI 
JC 
SUI 
M V I 
0 C 8 H ; 
PRD1 
0 C 8 H 
C / 3 2 H 
COS 
P R D 2 
64 H ; 
P R 0 2 , 
64H 
C , 3 1 H 
P R I N T THE A C C U M U L A T O R IN D E C I M A L 
N U M B E R L E S S T H A N 2 0 0 
L E S S T H A N 1 0 0 
C A L L COS 
P a g e 
1 9 / M a r / 8 6 0 9 : 0 9 n p D a t a r i n g s o f t w a r e v 2 . 4 
0 0 5 0 0 0 E 3 0 
0 0 5 0 F FEOA 
0 0 5 1 1 D 2 1 A 0 5 
0 0 5 1 4 C D 2 C 0 5 
0 0 5 1 7 C 3 2 0 0 5 
0 051 A D60A 
0 0 5 1 C OC 
0 0 5 1 0 C 3 0 F 0 5 
J M P PR03 ; K E E P 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 5 2 0 0 E 2 E 
0 5 2 2 C D 2 C 0 5 
0 5 2 5 C 6 3 0 
0 5 2 7 4F 
0 5 2 8 GDI 7 0 9 
0 5 2 8 C9 
0 5 2 C F5 
0 5 2 0 GDI 7 0 9 
0 5 3 0 F1 
0 5 3 1 G9 
0 5 3 2 1 6 0 9 
0 5 3 4 15 
0 5 3 5 G8 
0 5 3 6 87 
0 5 3 7 17 
0 5 3 8 D A 4 3 0 5 
0 5 3 8 0 E 3 0 
0 5 3 0 C D 2 C 0 5 
0 5 4 0 G 3 3 4 0 5 
0 5 4 3 0E31 
0 5 4 5 C D 2 G 0 5 
0 5 4 8 G 3 3 4 0 5 
0 5 4 B 16FF 
0 5 4 0 7C 
L E S S THAN 9 
P R 0 2 : M V I C , 3 0 H 
P R D 3 : GPI O a H 
JNC P R D 4 
G A L L COS 
J M P PRO 5 
P R D 4 : SUI O A H 
INR C 
S U B T R A C T I N G 10 U N T I L L E S S T H A N 10 
P R 0 5 : MVI C , 2 E H 
C O S 
P B I N ; 
P 8 N 1 I 
C A L L COS 
ADI 30H 
M O V C,A 
CALL cO 
RET 
P U S H PSW J 
C A L L cO 
P O P PSW 
RET 
M V I 
OCR 
RZ 
ORA 
RAL 
J C 
MVI 
S E N D A D E C I M A L P O I N T 
S A V E ACC 
D , 0 9 H 
D ; S E N D O U T A G G . IN B I N A R Y 
; l e t s try t h i s 
A 
P B N 2 
P B N 2 
C , 3 0 H 
C A L L COS 
J M P PBN1 
M V I G , 3 1 H 
C A L L COS 
JMP PBN1 
M O V A,H 
T B I N : MVI D / O F F H 
B I N A R Y T R A N S M I T , S E T 0 C O U N T E R FOR 2 5 6 C H A R 
STA 
MOV 
P S V 3 
A f L 
T R A N S M I T L I M I T 0 0 5 4 E 3 2 0 E 4 0 
0 0 5 5 1 70 
0 0 5 5 2 3 2 0 F 4 0 
S T A P S V 4 ; SAVE A D D R E S S FOR R E P E A T IF BAD T R A N S M I S S I O N 
0 0 5 5 5 3 E 0 0 MVI 
0 0 5 5 7 3 2 1 5 4 0 STA 
0 0 5 5 A 7E T B N I : M O V 
0 0 5 5 8 F E O E GPI 
0 0 5 5 D G 2 8 9 0 5 JNZ 
0 0 5 6 0 G D 6 5 0 7 
C A L L INXP ; B U M P THE P O I N T E R ON THE C I R C U L A R S T O R E 
0 0 5 6 3 7E MOV 
CPI 
A , 0 0 
B N F L 
A,M 
OEH 
T B N 2 
W H A T IS T H I S FOR? 
GET A CHAR F R O M S T O R E 
;END OF S T O R E M A R K E R 
A,M 
OEH 0 0 5 6 4 FEOE 
0 0 5 6 6 C 2 8 5 0 5 
J N Z C0N1 ; TO D E C R E A S E THE P O I N T E R TO THE R I G H T P L A C E 
C A L L INXP 
M O V A,M 
GPI OEH 
JNZ C 0 N 2 
A G A I N 
0 5 6 9 G D 6 5 0 7 
0 5 6 C 7E 
0 5 6 D FEOE 
0 5 6 F G 2 8 2 0 5 
0 5 7 2 G 0 6 E 0 7 C A L L OGXP 
P a g e 
1 9 / M a r / 8 6 0 9 : 0 9 r 1 p Da t a r i n g s o f t w a r e v 2 . 4 
0 0 5 7 5 C 0 6 E 0 7 C A L L 0 C X P SET THE P O I N T E R TO THE END AGAIN 
0 0 5 7 8 F5 P U S H PSW 
0 0 5 7 9 3E01 MVI A,01 H 
0 0 5 7 8 3 2 1 5 4 0 STA B N F L 
0 0 5 7 E F1 POP PSW 
0 057F C 3 9 3 0 5 J MP T B 2 ; SET B N F L TO S H O W END OF S T O R E SENT 
0 0 5 8 2 C 0 6 E 0 7 C 0 N 2 : C A L L O C X P 
0 0 5 8 5 C D 6 E 0 7 C0N1 : CALL D C X P R E S E T P O I N T E R 
0 0 5 8 8 7E MOV A,M 
0 0 5 8 9 C D 4 1 0 7 T 8 N 2 : CALL P R A C S E N D THE C H A R 
0 0 5 8 C C 0 6 5 0 7 C A L L I N X P 
0 0 5 8 F 1 5 OCR 0 E N O U G H S E N T ? 
0 0 5 9 0 C 2 5 A 0 5 JNZ TBN1 
0 0 5 9 3 E5 T 8 2 : P U S H H S A V E THE P O I N T E R 
0 0 5 9 4 C O O E O O C A L L CKSC ; ANY S E N S O R S ? 
0 0 5 9 7 El P O P H 
0 0 5 9 8 0 E 3 F MVI C , 3 F H 
0 0 5 9 A c o l 7 0 9 CALL cO ; SEND A ' ? ' . 
0 0 5 9 D C 0 C 3 0 7 C A L L c i2 
0 0 5 A O FEOD CPI O D H ; IS CR? 
0 0 5 A 2 C A B 5 0 5 J Z T B N 3 ; IF S O , R E P E A T T H E L A S T B L O C K , 
0 0 5 A 5 F E 1 8 CPI 18H ; E S C A P E ? 
0 0 5 A 7 C A C 0 0 5 JZ T 8 N 4 ; G I V E UP T R A N S M I S S O N 
0 0 5 A A 3 A 1 5 4 0 
L D A BNFL ; A N Y T H I N G E L S E , C H E C K IF E N D OF D A T A , I F N O T , C O N T I N U E 
0 0 5 A D FE01 C P I 01 H 
0 0 5 A F C A C 0 0 5 JZ T B N 4 
0 0 5 8 2 C 3 4 B 0 5 J M P TB IN 
0 0 5 8 5 3 A 0 E 4 0 T 8 N 3 : LDA P S V 3 
0 0 5 8 8 67 MOV H , A 
0 0 5 8 9 3 A 0 F 4 0 LDA P S V 4 
0 0 5 8 C 6F MOV L , A 
0 0 5 8 0 C 3 4 B 0 5 JMP T 8 I N 
0 0 5 C 0 0 E 0 4 T B N 4 : M V I :,04H ; S E N D OUT E O F , T H E N R E T U R N . 
0 0 5 C 2 C 0 1 7 0 9 C A L L cO 
0 0 5 C 5 C9 RET 
0 0 5 C 6 1 1 0 0 5 0 
F M O N : LXI 0, 5 0 0 0 H ; SET U P P E R L I M I T ON C H A R S TO C H E C K 
0 0 5 C 9 18 FMD1 : OCX [ 
0 0 5 C A 3 E 0 0 MVI A / 0 0 
0 0 5 C C BA CMP 0 
0 0 5 C 0 C8 RZ 
0 0 5 C E C 0 6 E 0 7 CALL D C X P 
0 05D1 3 E B 3 MVI A , 0 8 3 H 
0 05 0 3 BE CMP M ; L O O K FOR S E Q U E N C E *83 xx xx xx A3' 
0 0 5 D 4 C 2 C 9 0 5 JNZ FMD1 ; TO S H O W S T A R T OF D A T E F I E L D 
0 0 5 0 7 E5 P U S H H 
0 0 5 0 8 C D 6 5 0 7 C A L L I N X P 
0 0 5 0 8 C 0 6 5 0 7 CALL I N X P 
0 0 5 0 E C D 6 5 0 7 C A L L INXP 
0 0 5 E 1 3 E A 3 MVI A , 0 A 3 H 
0 0 5 E 3 BE C M P M 
0 0 5 E 4 C A E B 0 5 J Z F M D 2 
0 0 5 E 7 El P O P H 
0 0 5 E 8 C 3 C 9 0 5 JM P FMD1 ; NO S U C C E S S , S O T R Y A G A I N 
0 0 5 E B C D 6 E 0 7 F M 0 2 I C A L L O C X P 
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1 9 / M a r / 8 6 0 9 : 0 9 r 1 p O a t a r i n g s o f t w a r e v2.4 
0 0 8 C 2 2 1 C 0 3 D b i l n l I X i h , 3 d c O h ; t h i s is w h e r e to w r i t e to 
0 0 8 C 5 D B 1 0 b i I n2 : i n pa ; c h e c k the t i m e r 
0 0 8 C 7 E 6 8 0 an 1 80h 
0 0 8 C 9 F E 8 0 cpi 80h 
0 0 8 C B C C O E O D C 2 c k s c ; c h e c k for a s c a n if t i m e d out 
0 0 8 C E D B E D i n uc J n o w c h e c k the U S A R T 
0 0 8 D 0 E 6 0 2 ani 02 
0 0 8 0 2 C A C 5 0 8 jz b 1 I n2 
0 0 8 D 5 DBEC i n ud ; r e a d the c h a r 
0 0 8 D 7 E67F ani 7f h 
0 0 8 D 9 FE7F cpi 7f h ; c l e a r p a r i t y , c h e c k d e l e t e 
0 D 8 D B C 2 E D 0 8 j nz b i I n3 
0 0 8 D E 3 E C 0 mv i a / 0 c Oh ;is d e l e t e 
0 0 8 E 0 8 0 c m p I s t a r t of I i n e ? 
0 0 8 E 1 C A C 5 0 8 jz b i l n 2 
0 0 8 E 4 0 E 2 A m VI c , 2 a h 
0 0 8 E 6 C D I 7 0 9 c a l l cO 
0 0 8 E 9 20 dc r I 
0 0 8 E A C 3 C 5 0 8 j mp bi ln2 
0 0 8 E O 77 b i I n3 m o V m / a t s t o r e the c h a r 
0 0 8 E E 2C i n r I 
;is line to l o n g ? 0 0 8 E F C A 0 1 0 9 j z e r r o r 
0 0 8 F 2 FEOD cpi Odh 
0 0 8 F 4 C8 r 2 
0 0 8 f 5 FE1 B cpi Ibh 
0 0 8 F 7 C A 0 1 0 9 j z e r r o r 
0 0 8 F A 4 F mo V c , a 
0 0 8 F B C D I 7 0 9 c a l l cO e c h o the c h a r 
0 0 8 F E C 3 C 5 0 8 j mp b i l n 2 
0 0901 0E21 e r r o r mv i c , 2 1 h 
0 0 9 0 3 col 7 0 9 c a l l cO 
0 0 9 0 6 C D 0 C 0 9 c a l l c r I f 2 ; s e n d out \ 
0 0 9 0 9 C 3 C 2 0 8 jmp bi I n1 
0 0 9 0 C O E O A c r I f 2 J mv i C f O a h 
0 0 9 0 E C D I 7 0 9 c a l l cO s e n d c r / l f 
0 091 1 O E O O mvi C f O d h 
0 091 3 C D I 7 0 9 c a l l cO 
0 091 6 C9 r e t 
0 091 7 DBED c O : i n UC 
0 091 9 E601 ani 01 
0 091 8 C A 1 7 0 9 j z cO 
0 091 E 79 mo V a , c 
0 091 F D 3 E C o u t ud / s e n d out c h a r f r o m c reg 
0 0921 C9 ret 
1 /"get t h e p a r a m e t e r s f r o m the c o m m a n d l i n e 
1 ; C r e g c o n t a i n s n o . of p a r a m s to get 
0 0 9 2 2 2 1 C 0 3 D g t p m : I X i h , 3 d c O h /'point at the line 
0 0 9 2 5 1 1 A 0 3 D I X i d / 3 d a 0 h ;and w h e r e to put t h e p a r a m e t e r s 
0 0 9 2 8 0 6 2 0 mvi b/* • ; t o look for a s p a c e 
0 0 9 2 A 7E g t p l : m o v a #m 
0 0 9 2 8 23 i n X h 
0 0 9 2 C 8 8 c m p b 
0 0 9 2 D C 2 2 A 0 9 j n z gtpl look for a s p a c e 
0 0 9 3 0 7E g t p 2 : m o v a , m 
0 0931 23 i n X h 
0 0 9 3 2 88 c m p b 
P a g e 16 
1 9 / M a r / 8 6 0 9 : 0 9 n p O a t a r i n g s o f t w a r e v 2 . 4 
0 0933 C A 3 0 0 9 j z g t p 2 ; n o w for n o n e - b l a n k 
0 0936 C 6 D 0 adi O d O h 
0 0 9 3 8 D 2 4 9 0 9 j DC e r g t / l e s s t h a n 30h 
0 0 9 3 8 C 6 F 6 ad i 0 f 6 h 
0 0 9 3 D D A 4 9 0 9 jc e r g t />9 
0 0 9 4 0 C60A adi 10 ; m a k e it n u m e r i c 
0 0 9 4 2 12 stax d 
0 0 9 4 3 13 i nx d 
0 0 9 4 4 OD dor c ;is that all w a n t e d ? 
0 0 9 4 5 C 2 3 0 0 9 jnz g t p 2 
0 0 9 4 8 C9 ret 
0 0 9 4 9 0E21 e r g t: mv i c , ' ! ' 
0 0 9 4 8 c o l 7 0 9 c a l l cO 
0 094E C9 ret 
1 ; s e g m e n t to set the c l o c k 
0 094F C5 s c l k : p u s h b 
0 0 9 5 0 C D 2 2 0 9 call g t p m 
0 0 9 5 3 3E21 m V i a A 21 h 
0 0 9 5 5 89 cmp c 
0 0 9 5 6 CI p o p b 
0 0 9 5 7 C8 r 2 
0 0 9 5 8 2 1 A 0 3 D I X i h , 3 d a 0 h 
0 0 9 5 8 AF X r a a 
0 095C C D 8 7 0 9 call w c l k 
0 095F 3E0E mvi a , O e h 
0 0 9 6 1 C D 8 7 0 9 c a l l w c l k ; stop the c l o c k 
0 0 9 6 4 56 s t s t : mo V d , m ; t r a n s f e r the d a t a 
0 0 9 6 5 C D 8 1 0 9 c a l l w c d b 
0 0 9 6 8 23 i n X h 
0 0 9 6 9 05 dc r b 
0 0 9 6 A C 3 D 0 0 B j mp : s 12 
0 0 9 6 D 0 E 0 7 r e t l : mvi c , 7 
0 0 9 6 F GDI 7 0 9 call cO J s e n d out a b e l l , t h e n 
0 0 9 7 2 DBED w a i t : i n u c 
0 0 9 7 4 E 6 0 2 an i 02 
0 0 9 7 6 C A 7 2 0 9 j 2 w a i t 
0 0 9 7 9 DBEC in ud 
0 0 9 7 8 3E1 E mvi a , 1 e h 
0 0 9 7 D C 0 8 7 0 9 c a l l w c l k 
0 0 9 8 0 C9 ret 
0 0981 7A w c d b : mo V a , d ;put out d a t a to e l k . 
0 0 9 8 2 07 r I c 
0 0 9 8 3 07 r I c 
0 0 9 8 4 07 r I c 
0 0 9 8 5 07 r I c 
0 0 9 8 6 80 add b 
0 0 9 8 7 031 1 w c l k : out pb 
0 0 9 8 9 3E19 mvi a , 1 9 h ; t h i s s e n d s a w r i t e 
0 0 9 8 8 0 3 1 2 out PC 
0 0 9 8 0 3E1 3 mvi a , 1 3 h 
0 0 9 8 F 0312 out PC 
0 0991 3 E 1 7 mvi a , 1 7 h 
0 0 9 9 3 0312 out pc 
0 0 9 9 5 3E13 mvi a , 1 3 h 
0 0 9 9 7 031 2 out pc 
0 0 9 9 9 C9 ret 
i n t o the clock 
w a i t 
s t r o b e 
P a g e 17 
1 9 / M a r / 8 6 0 9 : 0 9 n p Da t a r i n g s o f t w a r e v2.4 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
t h i s is the c l o c k read r o u t i n e . 
0 9 9 A 
0 9 9 8 
099D 
0 9 A 0 
09A1 
0 9 A 2 
0 9 A 4 
0 9 A 6 
0 9 A 8 
0 9 A A 
0 9 A 8 
09AC 
0 9 A E 
0 9 A F 
09B1 
0 9 8 3 
0 9 8 6 
0 9 8 7 
0 9 8 8 
0 9 6 8 
0 9 B C 
0 9 B D 
0 9 B E 
0 9 B F 
0 9 C 0 
0 9 C 3 
0 9 C 4 
0 9 C 5 
D5 
1 6FF 
2 1 9 0 3 D 
C5 
78 
031 1 
3 E 1 0 
D 3 1 2 
DB1 0 
77 
A F 
031 2 
7E 
E60F 
FEOF 
C 2 B 0 0 9 
CI 
1 5 
C 2 9 D 0 9 
01 
C9 
23 
05 
O D 
C 2 A 1 0 9 
CI 
01 
C9 
r c l k : 
r c I: 
l e s t : 
I c s l : 
p u s h 
m V i 
Ixi 
p u s h 
m o v 
out 
tn V i 
d 
d , O f f h 
h , 3 d 9 0 h 
b 
a , b 
pb 
a , 1 0 h 
I c s 2 : 
out PC 
i n pa 
mov m , a 
X r a a 
out PC 
mov a , m 
an i Of h 
cp i Ofh 
jnz I c s 2 
pop b 
dc r d 
jnz r c I 
pop d 
ret 
i n X h 
dc r b 
dc r C 
jnz lest 
pop b 
pop d 
ret 
; i s it e r r o r ? 
T H I S S E G M E N T l o o k s 
t r a n s l a t i n g the s e n s o r c a r d , a n d 
r e a d i n g i n t o a h e i g h t by 
q u a d r a t i c c o n v e r s i o n . 
a f t e r r e a d i n g the 
d o i n g the 
0 0 9 C 6 07 g t h t : r I c 
0 0 9 C 7 07 r I c 
0 0 9 C 8 07 r I c 
0 0 9 C 9 07 r I c ; put the s l o t n o , i n t o 
0 09C A F5 p u s h p s w ; h i g h n i b b l e and s a v e 
0 0 9 C B C602 ad i 02 
0 0 9 C D D31 2 o u t PC 
0 0 9 C F 3 E 0 0 m V i a , 0 
0 0 9 0 1 0311 o u t pb 
0 0 9 0 3 081 0 i n pa 
0 0 9 0 5 FEAA cpi O a a h ; is a s e n s o r p r e s e n t ? 
0 0 9 0 7 C A D 0 0 9 j 2 gthi 
0 0 9 D A F1 p o p psw 
0 0 9 0 8 37 s t c 
0 0 9 0 C C9 r e t ; i f n o t , s e t c a r r y 8 r e t u r n 
0 0 9 0 0 0 6 0 2 g t h i : m V i b , 0 2 
0 0 9 0 F 0E06 m V i c , 0 6 
P a g e 1 8 
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